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ABSTRACT 
The immediate need f o r  processed d a t a  from t h e  four  NASA scat terometers  
upon completion of a NASA Remote Sensor A i r c r a f t  f l i g h t  mission has been 
s t r e s s e d  by P r i n c i p a l  Inves t iga to r s  and t h e  many user  agencies. This s tudy 
shows unequivocably t h a t  an a i rborne  real- t ime d a t a  preprocessor i s  capable 
of immediately producing accura te  normalized radar  backscattering a rea  d a t a  
a (8) of t e r r a i n  f o r  most missions. The f e a s i b i l i t y  of the d a t a  preprocessor 
0 
is  presented. A design of da ta  preprocessor incorporat ing modern techniques 
and components has been accomplished which i s  compatible with the  NASA air- 
c r a f t  systems. The following important advantages a r e  poss ib le  with t h e  
add i t ion  of t h e  a i rborne  d a t a  preprocessor: (1) an estimated 82% reduct ion 
i n  processing time, (2) an  estimated 75% t o  80% reduction i n  processing 
c o s t ,  (3) a quick-look a i rborne  d i sp lay ,  (4) improved accuracy and reli .-  
a b i l i t y  of radar  backscat ter  (sigma-zero) d a t a ,  (5) g r e a t e r  data-gathering 
f l e x i b i l i t y ,  and (6) lower a i r c r a f t  opera t ions  cos t .  
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I. INTRODUCTION 
The rapid  growth of t h e  NASA Ear th  Resources Program and the  requirement 
f o r  more and va r i ed  processed d a t a  from t h e  remote sensors  on the  NASA Remote 
Sensor A i r c r a f t  has crea ted  a need f o r  real- t ime d a t a  processing. 
With NASA's c a p a b i l i t y  of ga ther ing  d a t a  from t h r e e  of t h e i r  four  scatter- 
ometers simultaneously, t h e  amount of r ada r  backscat ter  da ta  t h a t  must be  re- 
corded and processed has increased by a f a c t o r  of ten.  The need f o r  consol i -  
da t ing  and performing a l l  poss ib le  d a t a  reduct ion  opera t ions  i n  real-time, 
on-board the  a i r c r a f t ,  t o  l e s s e n  t h e  ground-based processing time i s  r e a d i l y  
apparent .  
The purpose of Contract  NAS9-9723 has been t o  d e f i n e  a system t h a t  would, 
i n  real- t ime,  p a r t i a l l y  process t h e  d a t a  from any combination of t h r e e  of the  
f o u r  NASA scat terometers ,  mul t ip lex  and encode t h e  processed d a t a ,  and provide 
a means of real- t ime d a t a  v e r i f i c a t i o n .  
The system t h a t  w i l l  be  described i n  t h e  body of t h i s  r e p o r t  has  s e v e r a l  
s i g n i f i c a n t  f e a t u r e s ,  among which a r e :  
. Reduces f l i g  
. Reduces t h e  computer time required f o r  d a t a  r educ t ion  
by more than SO%., 
. Reduces d a t a  turn-around time 
. Improves t h e  r e l i a b i l i t y  of sca t terometer  d a t a  
Permits real-time da ta  v e r i f i c a t i o n  
. Provides real- t ime d i sp lay  of processed d a t a  
. Provides t h e  c a p a b i l i t y  of reprocessing previous ly  
co l l ec ted  d a t a  
W i l l  opera te  i n  f l i g h t  o r  o n - t h e  ground 
May be operated a s  labora tory  equipment. 
1-1 
The m a t e r i a l  i n  t h i s  r e p o r t  is arranged i n  a manner t o  provide t h e  
necessary background f o r  a good understanding of the  Data Preprocessor. 
Sect ion  PI summarizes t h e  program and gives  c e r t a i n  recommendations. Sect ion  
I11 b r i e f l y  d iscusses  t h e  h i s t o r y  of sca t terometry ,  t h e  s ign i f i cance  o f  
sca t terometry ,  and t h e  va r ious  types of sca t terometers  followed by a more de- 
t a i l e d  d i s s e r a t i o n  on t h e  na tua re  of sca t terometer  d a t a  and the  formats i n  which 
the  d a t a  may be presented.  
The fundamental requirements f o r  processing da ta  from a fan-beam CW 
Doppler sca t terometer  a r e  discussed i n  Sect ion  I V .  The f i n a l  por t ion  of t h e  
r e p o r t ,  Sect ion  V ,  encompasses t h e  bulk of t h e  r e p o r t .  I n  t h i s  s e c t i o n  t h e  
system is f i r s t  b r i e f l y  described i n  o u t l i n e  form, followed by a d i scuss ion  o f  
t h e  major design t r a d e o f f s  t h a t  were considered,  a d e t a i l e d  func t iona l  descr ip-  
t i o n  of t h e  system, system s p e c i f i c a t i o n s ,  e r r o r  a n a l y s i s  of the  sca t t e romete r s  
and the  Preprocessor,  and f i n a l l y  by t h e  recommended computer program changes. 

SUMMARY AND RECOMMENDATIONS 
A Scatterometer Data Preprocessing System has been designed t h a e  w i l l  
reduce NASA's annual scat terometer  d a t a  processing c o s t s  by approximately 
$164,000,00.* I n  addi t ion ,  t h e  Preprocessor w i l l  reduce t h e  time r e q u i r e d  t o  
process the  d a t a  by approximately 82% while s i g n i f i c a n t l y  improving t h e  mli- 
a b i l i t y  of t h e  data. 
The system described i n  t h e  body of t h i s  r epor t  i s  capable of s h u l -  
taneously processing t h e  d a t a  from any t h r e e  of NASA's four  sca t terometess ,  
For t h e  major i ty  of the  Earth Resources missions t h e  d a t a  w i l l ,  except f@r 
smoothing, be  completely processed. Addit ional  refinement of the  d a t a  may be  
accomplished with t h e  use  of t h e  NASA/MSC computer f a c i l i t i e s .  
The Preprocessing System d i g i t i z e s  t h e  d a t a  which e l iminates  m a s t  of 
t h e  e r r o r s  associa ted  with recording amplitude information, The d a t a  is mul- 
t ip lexed  onto two tape  channels (one f o r  processed da ta  and one f o r  unprscessed 
da ta )  thereby saving up t o  e i g h t  tape  channels. 
A real-time display  is  provided t h a t  permits t h e  inves t iga to r  fm 
compare d a t a  a s  i t  i s  being co l l ec ted  with d a t a  previously col lec ted ,  hn addi- 
t i o n ,  t h e  d i sp lay  permits monitoring of system operat ion and a i d s  i n  red-time 
d a t a  v e r i f i c a t i o n .  
The system described he re in  i s  designed t o  be  primari ly an a i rborne ,  
real-time, processing uni t .  However, t h e  system is  v e r s a t i l e  enough t o  o p e r a t e  
as a labora tory  instrument. The system permits reprocessing of p rev ious ly  
c o l l e c t e d  d a t a  by playback of t h e  analog tapes i n t o  t h e  processor. 
The use of t h e  Preprocessor adds no s i g n i f i c a n t  e r r o r s  t o  the scatter- 
ometer da ta  (Section V) and a s  o f t e n  i s  t h e  case  with real-time p r o c e s s ~ x s ,  
s i g n i f i c a n t l y  improves t h e  q u a l i t y  and r e l i a b i l i t y  s f  t h e  data. 
*This f i g u r e  is  based upon t h e  use of t h e  dual-polarized 13.3 GHz Scattexometer 
f o r  an amount equivalent  t o  t h a t  budgeted f o r  t h e  single-polarized 13.3 CHz 
Scatterometer  i n  F i s c a l  1970 (Section V). 
The Teledyne Ryan Aeronautical Company recommends tha t  NASA consider 
a continuation of the exis t ing program so tha t  su f f i c i en t  time w i l l  be avail- 
ab le  t o  provide hardware of proven and tes ted  value. This would assure  a 
smooth and trouble f r e e  program which i s  i n  e f f ec t  incrementally funded with 
d i s c r e t e  s teps  which can be independently evaluated. The f i r s t  s t ep  would be 
a f e a s i b i l i t y  study, which has been accomplished with the completion of t h i s  
contract .  The remaining s teps  are: 
Fl ight  Test Hardware: Fabricate portions of the  system t o  .. 
demonstrate by t e s t s  t h a t  the  system w i l l  work a s  planned 
and w i l l  f u l f i l l  t he  end objectives. Any modifications 
t h a t  a r e  necessary t o  m e e t  performance requirements would 
be made a t  t h i s  t i m e .  
The f l i g h t  t e s t  prototype w i l l  be used with the dual-polar- 
ized 13.3 GHz scatterometer. The hardware w i l l  consis t  of: 
1. Sign Sense Detectors 
2. Normalizer 
3. Angle of Incidence F i l t e r s  
4. Averager 
5. Data Verif icat ion System 
These a r e  the  e s sen t i a l  elements of the  preprocessor. T$b 
f l i g h t  t e s t  prototype w i l l  not  have the following elements 
s ince they a r e  not necessary t o  prove the performance and 
would r e s u l t  i n  unwarranted expense: 
1. Pulse Code Modulator 
2. Frequency Division Multiplexer 
3. Display 
The prototype processor would permit evaluation of the 
system,in terms of performance and.human engineering, a t  
. .  
r e l a t i ve ly  low cost. . 
Fly t h e  prototype on s e v e r a l  sca t terometer  data-gathering 
missions, Compare t h e  d a t a  processed by t h e  prototype 
wi th  t h e  same da ta  processed by e x i s t i n g  techniques. 
Reprocess and reeva lua te  se lec ted  previously flown 
missions u t i l i z i n g  t h e  prototype processor a s  a labora tory  
instrument . 
Manufacture a complete Scatterometer  Data Preprocessing 
System of f l i g h t  q u a l i t y  t h a t  incorpora tes  what has been 
learned i n  evaluat ion  of t h e  prototype. This  w i l l  permit 
sys temat ic  use  of a l l  of t h e  NASA Scatterometers,  without  
t h e  burden of l a r g e  d a t a  reduct ion  cos t s ,  t o  f u r t h e r  t h e  
Earth Resources Program. 
Employ t h e  Preprocessor a s  p a r t  of t h e  RADSCAT a i r c r a f t  
da ta-col lec t ing  program. U s e  of t h e  Preprocessor w i l l  
permit r ap id  evaluat ion  and comparison of da ta  c o l l e c t e d  
by RADSCAT and by t h e  a i rborne  Scatterometer.  
I n  summary, a low l e v e l  of e f f o r t  sca t terometer  preprocessor follow- 
on w i l l  b e n e f i t  NASA by providing a t e s t e d  prototype. This w i l l  a l low s u f f i -  
c i e n t  t i m e  t o  bu i ld  a f i n a l  model which w i l l  be  of g r e a t  b e n e f i t  i n  reducing 
d a t a  i n  support  of RADSCAT. The b e n e f i t s  are: 
S i g n i f i c a n t l y  reduces processing t i m e  
S i g n i f i c a n t l y  reduces processing c o s t  
Reduces a i r c r a f t  opera t ions  c o s t  
Provides v i r t u a l  real- t ime da ta  access by d i sp lay  
o r  recording. 
Furthermore, previously recorded tapes can be  played through t h e  
system t o  check tape  and system performance and t o  reevaluate  the  data.  
S CATTEROMETRY 
A. HISTORY OF SCATTEROMETRY 
The evolution of t h e  microwave scat terometer  from t h e  realm of r a d a r  
systems is  found t o  be a n a t u r a l  consequence of the  urgent need by engineers,  
and g e o s c i e n t i s t s  f o r  information about t h e  backscattering p r o p e r t i e s  of 
p a r t i c u l a r  land and sea  surfaces .  These w e r e  found t o  be very p r a c t i c a l  needs 
s i n c e  they involved t h e  design of highly important radar fuses  and altimeters. 
Backscattered radar  s i g n a l  s t r eng ths ,  along with s i g n a l  fading depths  
and r a t e s ,  were not  a v a i l a b l e  f o r  a r e a  extens ive  ground t a r g e t s  p r i o r  t o  1950. 
Even as l a t e  a s  1963 t h e r e  was a pronounced l ack  of radar backsca t t e r  d a t a  
from dese r t - l ike  t e r r a i n s  f o r  t h e  design of t h e  c r u c i a l l y  important landing 
radar  used on the  Surveyor spacecraf t  which made the  f i r s t  unmanned landing 
on t h e  moon. 
It is  i n t e r e s t i n g  t o  note  t h a t  t h e  e a r l y  radars  were designed f o r  t h e  
d e t e c t i o n  and loca t ion  of small  s p e c i f i c  t a r g e t s  which were many t i m e s  found 
t o  be i n  t h e  presence of ground radar  backscat ter  (ca l led  ground n o i s e  o r  
c l u t t e r ) .  What was highly undesi rable  ground no i se  t o  t h e  e a r l y  r a d a r s  has  
now become valuable  information t o  t h e  f i e l d  of remote sensing. A s p e c i a l '  
r adar  was made t o  measure and use  t h i s  backscattered information (named a 
11 scatterometer" by Moore, 1965). 
NAsA/MSC Houston and Ryan Aeronautical  Company obtained 13.3 GHz s c a t t e r -  
ometer da ta  from lunar- l ike  surfaces  found i n  the  dese r t  a reas  of Western 
United S t a t e s  i n  order t o  e s t a b l i s h  a v a l i d  design set of normalized r a d a r  
backscat ter ing p l o t s  i n  t h e  standard uo(e) format. Amazingly enough, samples 
of r adar  r e t u r n s  from t h e  moon's su r face  by t h e  f i r s t  Surveyor landing radars  
c l o s e l y  agreed with these  developed 00(8) p l o t s ,  thus c l e a r l y  showing t h a t  
va luable  radar  r e t u r n  d a t a  could be developed by well-designed data-gathering 
programs. These same landing radars  u t i l i z i n g  t h e  CW Doppler information were 
used on the  spectacular  Apollo lunar excursion modules (LEM) which a c t u a l l y  
made t h e  moon landings; ' 
A p a r t  of t h e  h i s t o r y  of scat terometry of s ign i f i cance  f o r  t h i s  r epor t  
a r e  the  number of radar  r e t u r n  programs i n  t h e  pas t  which included da ta  pre- 
processors on t h e  a i r c r a f t  and s t ressed  the  importance of performing a s  much 
of t h e  d a t a  processing a s  poss ib le  p r i o r  t o  landing the  a i r c r a f t .  The NRL 
program even goes t o  the pains of c a l i b r a t i n g  t h e  scat terometers using c a l i -  
b ra t ion  spheres dropped during the  f l i g h t  mission (Guinard, 1969). It was 
e a r l y  evident  t h a t  th ree  advantages were obtained by i n f l i g h t  da ta  processing: 
(1) Considerably l e s s  e r r o r  was introduced i n t o  the  d a t a ,  (2) the  informa- 
t i o n  was immediately a v a i l a b l e  ( t h e  d a t a  would be assessed before t h e  usual  
next-day mission),  and (3) a marked decrease i n  the  c o s t  of obtaining d a t a  
was immediately shown. These scat terometer  systems (Reitz,  1958; Frankl in  
I n s t ;  Guinard, 1969; Janza, 1963) included d a t a  c a l i b r a t i o n  and normalization, 
and t h e  means f o r  placing the  d a t a  i n t o  a use fu l  form f o r  immediate use  a f t e r  
a f l i g h t  mission, and a l l  c l e a r l y  demonstrated t h e  advantages of i n f l i g h t  d a t a  
preprocessing. 
B., SIGNIFICANCE OF SCATTEROMETRY 
- Scatterometry information of var ious  land and sea  surfaces  throughout t h e  
spectrum 0.3 t o  50 GHz f o r  d i f f e r e n t  angles of incidence and po la r i za t ion  is  
now of major i n t e r e s t  t o  the  f i e l d s  of oceanography, hydrology, a g r i c u l t u r e ,  
and geology. The need f o r  equipments which can y ie ld  information of a qual i -  
t a t i v e  form over l a r g e  a reas  is  important i f  world-wide surveys a r e  t o  become 
p r a c t i c a l .  Such new app l ica t ions  a s  conducting inventor ies  and surveying 
t e r r a i n s  f o r  t h e  i d e n t i f i c a t i o n  of su r face  and subsurface fea tu res  are now 
underway. 
The scat terometer  with its unique all-weather and roughness de tec t ing  
c a p a b i l i t i e s  has opened up new horizons f o r  t h e  measurement of ocean surfaces  
and t h e  A r t i c  i c e  f i e l d s .  Of major s ign i f i cance  is  the  f a c t  t h a t  t h e  roughness 
sca t terometer  s i g n a l  d a t a  a r e  d i r e c t l y  c o r r e l a t a b l e  t o  var ious  dynamic fo rces  
which cause o r  inf luence  the  su r face  roughness. From scatterometer  information 
of sea  state, t h e  wind f i e l d s  of t h e  ocean can be in fe r red  by the  oceanographers. 
From scatterometer  d a t a  taken from an o r b i t i n g  workshop, such a s  t h e  fo r th -  
coming SKY LAB, i t  i s  predicted by the  a i r c r a f t  scat terometer  surveys t h a t  the  
wind f i e l d s  can be mapped f o r  t h e  A t l a n t i c  Ocean with update twice a day. 
Knowing t h e  current  s t a t e  of snowfields throughout the  United S t a t e s  
i s  of g rea t  importance f o r  hydrology and water source management, Remote 
sensing methods a r e  imperative t o  provide f requent  snow coverage updates s o  
a s  t o  show t h e  amount of water generated f o r  runoff .  The scat terometer  has 
been involved i n  f e a s i b i l i t y  s t u d i e s ,  along with a number of o ther  remote 
sensors ,  f o r  app l i ca t ions  t o  hydrological  problems because of i ts  s e n s i t i v i t y  
t o  su r face  r e f l e c t i v i t y  and roughness (Janza, 1969). 
Microwave scat terometers  f o r  the  measurement of i c e  f i e l d s  has  m e t  wi th  
considerable success. Recent work by Rouse (1968) ind ica tes  the  m e r i t s  of a 
13.3 GHz scatterometer  i n  iden t i fy ing  va r ious  types of i c e  f i e l d s ,  i . e . ,  o l d ,  
f i r s t - y e a r ,  young and new i c e .  Measurements of Uo(0) and analog t i m e  p l o t s  
w e r e  made. Scatterometer d a t a  w e r e  gathered through a dense cloud cover where 
t h e  i c e  could not  be photographed o r  mapped by in f ra red  scanners. 
A look i n t o  the  pas t  s t rong ly  br ings  t o  our a t t e n t i o n  t h a t  t h e  h ighly  
important f e a t u r e s  of t h e  scat terometer  were overlooked f o r  many years  f o r  t h e  
f i e l d s  of geoscienee. The scat terometer  took on a new s ign i f i cance  once t h e  
s c i e n t i s t  and t h e  engineer looked pas t  t h e  m i l i t a r y  appl ica t ions .  The f e a t u r e s  
t h a t  haye been demonstrated by t h e  sca t terometer  t h a t  make i t  use fu l  f o r  remote 
sensing a r e  now summarized: (1) i t  has t h e  c a p a b i l i t y  of measuring land and 
sea  surface  roughness, (2) i t  has t h e  c a p a b i l i t y  of providing u s e f u l  statls- 
t i c a l  information over l a r g e  a reas  (equivalent  t o  redundancy reduct ion 
o r  d a t a  compression) and (3) with t h e  a i d s  of wavelength and p o l a r i z a t i o n  
v a r i a t i o n  i t  provides information about t h e  de te rmin i s t i c  na tu re  of t h e  sur-  
f aces. 
The app l i ca t ions  of t h e  scat terometer  have been mainly i n  t h e  gather ing 
of s t a t i s t i c a l  information such a s  found i n  radar  r e tu rns  from t h e  ocean. The 
f e a s i b i l i t y  of using t h e  scat terometer  t o  c o l l e c t  more d i s c r e t e  information f o r  
geoscience and m i l i t a r y  app l i ca t ions  has much p o t e n t i a l  and should be  c a r e f u l l y  
inves t igated  and not  passed over a s  with some e a r l y  scat terometer  app l i ca t ions .  
C .  TYPES OF SCATTEROMETERS 
The a b i l i t y  of t h e  r a d a r  t o  y i e l d  d i s c r e t e  and d e t a i l e d  information i s  
now q u i t e  common knowledge. For t h e  d e t e c t i o n  of d i s c r e t e  t a r g e t s  one can u s e  
any of a number of h igh- reso lu t ion  r a d a r s .  High s p a t i a l  r e s o l u t i o n  of t h e  
t a r g e t  is  p o s s i b l e  through t h e  u s e  of a pencil-beam antenna system (beamwidth 
l i m i t i n g ) ,  a narrow p u l s e  system (pulse-width l i m i t i n g ;  SLAR r a d a r ) ,  o r  by 
s y n t h e t i c  means ( s y n t h e t i c  a p e r t u r e  r a d a r ) .  I f  t h e  need f o r  in format ion  
about  an  a r e a  e x t e n s i v e  t a r g e t ,  such a s  farms,  f o r e s t s ,  o r  t h e  oceans,  i s  
r e q u i r e d ,  t h e  same r a d a r s  can  be  used f o r  surveying,  These va r ious  r a d a r  
types  a r e  dep ic t ed  by F igu re  111-1. There is ,  however, t h e  problem of scan- 
n ing  t h e  e n t i r e  a r e a  wi th  a h igh - re so lu t ion  system and record ing  a v a s t  amount 
of s i g n a l  d a t a .  Where t h e  a r e a  has  much t h e  same s u r f a c e  f e a t u r e s ,  such as 
farmland,  o r  ocean, a tremendous amount of redundant d a t a  w i l l  be  recorded;  
which f o r  a n a l y s i s ,  i s  of l i t t l e  v a l u e  and i s  removed i n  t h e  processing.  The 
process ing  o p e r a t i o n  is then  a form of d a t a  compression. 
It immediately comes t o  mind t h a t  another  form of r a d a r ,  namely, a 
sca t t e rome te r  h a s  t h e  c a p a b i l i t y  of provid ing  a n  i m p l i c i t  data-compression 
f u n c t i o n ,  and y i e l d s  an  averaged measurement of t h e  a r e a  ex t ens ive  t a r g e t .  
F igure  111-2 shows a b lock  diagram f o r  a t y p i c a l  Doppler sca t te rometer .  
The sca t t e rome te r  performs t h i s  d a t a  r educ t ion  f e a t u r e  by opening up t h e  
look-angle of t h e  an tenna  and by averaging t h e  r e t u r n s  over  a  l a r g e  expanse 
of t e r r a i n .  The nex t  ques t ion  r a i s e d  is a n a t u r a l  consequence of observing 
t h e  averaged sca t t e rome te r  r e t u r n s ,  i .e.,  what l a rge - sca l e  t e r r a i n  f e a t u r e s  
does  one want t o  measure, o r  what a d d i t i o n a l  i n t e r r e l a t e d  e f f e c t s  can  be  d e t e r -  
mined, and how do they  c o r r e l a t e  w i t h  t h e  t e r r a i n  e l e c t r i c a l  and s t r u c t u a l  
c h a r a c t e r i s t i c s ?  Also, how is t h i s  in format ion  (o r  s i g n a t u r e s )  i n t e r r e l a t e d  
w i t h  t h e  near -sur face  me te ro log ica l  cond i t i ons?  
The argument f o r  t h e  u s e  of a sca t t e rome te r  is  then  q u i t e  c l e a r ,  It 
provides  s u r f a c e  p rope r ty  informat ion  over  large a r e a s  without  t h e  need f o r  a 
complex h igh- reso lu t ion  r a d a r .  
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EROMETER BLOCK D X A G W  
A survey of the  many large-scale  measurements which can bes t  be  done re- 
motely show t h e  following app l i ca t ions  f o r  t h e  scat terometer:  
1. Inventor ies  - farmland, f o r e s t s ,  water resources (snow and i c e  
f i e l d s ) ,  and urban development. 
2 .  Measurement and ca tegor iza t ion  of large-scale  radar  r e t u r n  infor-  
mation required f o r  s c i e n t i f i c  and R & D purposes. 
3 .  Measurement of wind f i e l d s  over t h e  oceans on a global  b a s i s  by 
c o r r e l a t i o n  with radar  r e t u r n  s igna l s .  
4 .  Management and mapping funct ion - t h i s  i s  an extension of t h e  
inventory function.  An exce l l en t  and comprehensive review of t h e  
scat terometer  was conducted by Moore (1966) where bas ic  theory of 
t h e  sca t terometer ,  t h e  s c a t t e r i n g  su r face ,  and the  data  are 
covered. 
The success of the  scat terometer  i n  the  above-mentioned app l i ca t ions  
using mostly a i rborne  systems c o l l e c t i n g  d a t a  l a r g e l y  from a l t i t u d e s  ranging 
from 2,000 t o  15,000 f t . ,  has been s i g n i f i c a n t .  I n  p a r t i c u l a r ,  t h e  p o t e n t i a l  
of obtaining ocean wind f i e l d  d a t a  from a scat terometer  placed on an  o r b i t i n g  
spacecra f t  has r e s u l t e d  i n  t h e  scheduling of a s e r i e s  of experiments from 
space (SKY LAB) t o  test t h e  concept. The r e s u l t s  of t h e  scat terometer  sea 
s t a t e  measurements with t h e  NASA Remote Sensor A i r c r a f t  provided much of t h e  
d a t a  f o r  s c i e n t i f i c  ana lys i s  which spurred on t h e  tests f o r  space. 
The scat terometer  t o  d a t e  has not  enjoyed t h e  same amount of a t t e n t i o n  
as other  remote sensors such a s  t h e  o p t i c a l  systems and t h e  in f ra red  radiometers 
and spectrometers. It is t o  be expected t h a t  as more research and experiments 
a r e  performed t h e  advantages of t h e  sca t terometer  a s  a remote sensor w i l l  be 
more c l e a r l y  defined j u s t  as has evolved with t h e  o p t i c a l  remote sensors  over 
t h e  many years.  Such a statement opens t h e  way f o r  asking what types of 
sca t terometers  a r e  a v a i l a b l e  f o r  the  remote sensing t a sks  t h a t  were mentioned, 
and what i s  t h e  nature  of t h e  received information s igna l?  
Numerous scatterometer types have evolved to date. The capabilities of 
these scatterometers were not always compatible or adequate for the desired 
measurement programs of various scientific groups. As to be expected, the 
types of scatterometers that appeared ran the gamut in terms of measurement 
capabilities. 
A limited review of the specific scatterometer types is sufficient to 
provide a basis for the more important following discussions on the nature and 
signature aspects of the scatterometer data and the relationships with the 
data preprocessor. 
The first scatterometers were conveniently modeled after the early pulse 
radars or were mostly modifications of these radars so as to fit certain 
experimental requirements. The need for more sophisticated measurement methods 
to improve accuracy led to the design of scatterometers specifically for radar 
return measurements, such as the Ryan REDOP I scatterometer. 
The different scatterometer types are usually identified by their method 
of modulating the transmitted electromagnetic (EM) power, and are specified 
as pulse, continuous wave (CW), or interrupted CW systems. 
Special design considerations have been necessary for scatterometers 
for laboratory experiments, for low-altitude stationary observations, low- 
altitude aricraft surveys (1,000-15,000 ft.), high-altitude aircraft, surveys 
(60,000 ft.), and for spacecraft missions. 
1. CW Scatterometer 
The CW scatterometer for application to the measurement of 
the backscattering features of the terrain was proposed in a Doppler system by 
Lund (Patent No. 3,344,419? refer to Figure 111-2). CW scatterometer systems 
have the advantages of simultaneous irradiation of a large swath of the terrain, 
the ability of separating the fore-aft return by a simple sign-sense technique, 
and use of low transmitted power. Where the pulse system requires processing 
in the time domain, the CW system processing is done in the frequency domain. 
The processed output  from t h e  rece ive r  of a CW sca t t e romete r  
i s  a complex analog waveform which i s  usua l ly  transformed t o  a normalized 
Doppler power spectrum (PSD). E i the r  s i g n a l  form embodies t h e  informat ion  
about t h e  backscat ter ing  surface .  
Disc re te  values of o (8) can be obtained from t h e  analog s i g -  0 
n a l s  through t h e  use  of bandpass f i l t e r s  f o r  va r ious  angles of incidence,  i .e.,  
10  po in t s  on t h e  a curve r e q u i r e s  10 f i l t e r s .  Actual ly,  average v a l u e s  are 
0 
obtained over t h e  i n t e r v a l  A0; centered about some look angle  8; where A 6 ;  is  
r e l a t e d  t o  t h e  bandwidth of t h e  f i l t e r .  It i s  convenient t o  use  ground cells 
i n  t h e  a n a l y s i s  of CW sca t terometer  d a t a  a s  compared t o  t h e  annular  r i n g s  of 
p u l s e  da ta  i s  deputed by Figure 111-3. D e t a i l s  on t h e  f i l t e r i n g  process  are 
covered l a t e r .  
The CW systems do no t  enjoy t h e  r ece ive r  decoupling advantages 
of a pulse  system and d e t e r m i n i s t i c  n o i s e  s i g n a l s  can no t  e a s i l y  be  ga ted  o u t  
of t h e  received s i g n a l s .  
2. Pulse  Scatterometer  
The pu l se  radar  system came i n t o  prominence f i r s t ,  and s u r p l u s  
u n i t s  were a v a i l a b l e  f o r  modif ica t ions  t o  make sca t terometers .  Pu l se  systems 
have a major i s o l a t i o n  o r  decoupling advantage f o r  c e r t a i n  a p p l i c a t i o n s  s i n c e  
none of t h e  t ransmit ted  power remains t o  cause rece ive r  blocking i n  t h e  inter- 
p u l s e  period.  High peak powers a r e  requi red  t o  overcome t h e  s h o r t  power d u t y  
f a c t o r s .  Because of t h i s  power switching f e a t u r e ,  t h e  pulse  systems have 
become popular f o r  combination systems where t h e  time between pu l ses  is  shared 
by o the r  remote sensors  i . e . ,  radiometers ,  o the r  sca t terometers ,  and r a d a r  
a l t i m e t e r s .  
The t ransmit ted  p u l s e  i s  l ikened t o  a s p h e r i c a l  s h e l l  which 
spreads ou t  over t h e  ground i n  t h e  form of an ever-expanding r i n g  whose th ick-  
ness  on t h e  ground i s  a func t ion  of t h e  pu l se  width, range, and ang le  of inci- 
dence. The r e t u r n  pulse  can be  assoc ia ted  with any of these  r i n g s  and normal- 
i zed  f o r  t h e  r a d a r  parameters t o  provide information f o r  the  cons t ruc t ion  of 







3. I n t e r r u p t e d  CW Sca t te rometer  
The i n t e r r u p t e d  CW sca t t e rome te r  i nco rpora t e s  t h e  decoupling 
f e a t u r e s  of t h e  p u l s e  system a long  w i t h  t h e  h igh  average  power of t h e  CW sys-  
tem. Such a system a l lows  t h e  t r ansmis s ion  of e i t h e r  h o r i z o n t a l  H o r  v e r t i c a l  
V p o l a r i z a t i o n  and t h e  r ecep t ion  of  bo th  through t h e  use  of s e p a r a t e  r e c e i v e r s .  
One major advantage of t h i s  system is t h a t  t h e  receiver c a n  
b e  ga ted  o f f  dur ing  t h e  r e c e p t i o n  of d e t e r m i n i s t i c  n o i s e  s i g n a l s .  F l e x i b i l i t y  
i s  provided by v a r i a b l e  g a t e  t imes and modulation r a t e s  al lowing p u l s e ,  ICW, 
o r  CW o p e r a t i o n  c a p a b i l i t y .  The s a m e  methods of d a t a  processing can  b e  a p p l i e d  
as f o r  t h e  p u l s e  and CW systems. 
4 ,  Beamwidth and Pulsewidth 
The a r e a  i l l umina ted  on t h e  ground can  be c o n t r o l l e d  by the 
antenna  beam shape  and t h e  t r ansmi t t ed  pu l se .  The i l l u m i n a t i o n  is r e f e r r e d - t o  
as being beamwidth o r  pulsewidth l i m i t e d  o r  both.  
The Ryan s c a t t e r o m e t e r s  u t i l i z e  f a n  beam antennas w i t h  a Doppler 
system thus  provid ing  a means of des igna t ing  ground c e l l s  from which t h e  EM 
energy i s  backsca t t e r ed .  A r e f e r e n c e  c e l l  of 50 x 50 f t .  on t h e  ground is 
obta ined  a t  a n  a n g l e  of inc idence  of 30' and a 1000-ft a l t i t u d e ,  
The p u l s e  s ca t t e rome te r  which has  a n  omnidi rec t iona l  an tenna  
p a t t e r n  sends o u t  a s p h e r i c a l  s h e l l  which i n t e r c e p t s  t h e  ground i n  f i r s t  a 
c i r c l e  which expands i n t o  a n  annu la r  r i n g  which r a c e s  ac ros s  t h e  ground as t h e  
speed of l i g h t  u n t i l  it goes o u t s i d e  t h e  antenna beamwidth. The p u l s e  scatter- 
ometer could have been designed f o r  a f a n  beam antenna which would c o n f i n e  t h e  
t r a n s m i t t e d  p u l s e  t o  a narrow s t r i p  of i l l u m i n a t i o n  i n  any p r e f e r r e d  d i r e c t i o n  
on t h e  ground, f o r e - a f t  o r  t r ansve r se .  
Beamwidth l i m i t i n g  of t h e  t r ansmi t t ed  and c o l l e c t e d  EM.radia- 
t i o n  is by f a r  t h e  most common method of d i r e c t i n g  t h e  EM t o  t h e  d e s i r e d  a r e a s .  
Narrow p u l s e  systems a r e  mote a p p l i c a b l e  t o  h igh- reso lu t ion  systems (SLAR). 
Penci l  beam antennas a r e  exce l l en t  f o r  observing t h e  radar back- 
s c a t t e r  a t  a  f ixed angle of incidence and a  correspondingly known i l luminated 
ground c e l l .  Simultaneity of the  re tu rns  is  not poss ib le  over the  var ious  
angles  of evidence, with r e t u r n s  from each d i f f e r e n t  angle requir ing a  repeat  
run wi th  t h e  a i r c r a f t .  
5. Mul t i spec t ra l  and Mul t ipolar iza t ion 
Mul t i spec t ra l  systems i n  t h e  range 0.1 t o  40 GHz a r e  necessary 
f o r  showing t h e  wavelength dependencies of t h e  d i f f e r e n t  t e r r a i n s  p a r t i c u l a r l y  
during s c i e n t i f i c  experimentation o r  i n  t h e  establishment of s c a t t e r i n g  data .  
The study of mul t i spec t ra l  scat terometer  information has been l imi ted  t o  one 
o r  poss ib ly  two agencies i n  t h e  p a s t ,  and t h e r e  i s  a  pronounced l ack  of d a t a  
i n  t h i s  area .  
Mul t ipolar iza t ion experiments and d a t a  establishment a l s o  have 
received very l i t t l e  n o t i c e  u n t i l  l a t e l y .  Depolarizat ion of t h e  inc iden t  rad- 
i a t i o n  by t h e  su r face  f o r  e i t h e r  v e r t i c a l  o r  hor izon ta l  po la r i za t ion  i s  a signa- 
t u r e  mechanism and warrants  considerable study. The po la r i za t ion  modes a re :  
VV v e r t i c a l  t ransmit  and v e r t i c a l  r ece ive ,  HH hor izon ta l  t ransmit  and horizon- 
t a l  receive ,  HV hor izon ta l  t ransmit  and v e r t i c a l  receive ,  o r  v i c e  ve r sa ,  
With some ind ica t ion  of t h e  kinds of scat terometers a v a i l a b l e  
f o r  s c i e n t i f i c  experimentation, and t h e  numerous parameters which can be con- 
t r o l l e d ,  i t  i s  informative t o  i n v e s t i g a t e  t h e  na tu re  of the  received s.ignals 
and t h e  processed data.  
D. NATURE OF SCATTEROMETER DATA 
Cer ta in  comments were made e a r l i e r  about the  s t a t i s t i c a l  na tu re  of 
t h e  sca t terometer  s igna l s .  The p l o t s  of oo a r e  average values  where the  con- 
f idence  t h a t  i t s  value  l i e s  between an upper and lower bound can be  s t a t e d  pro- 
vided t h e  number of independent samples taken a r e  known. The presenta t ion of 
a  s t a t i s t i c a l  average f o r  t h e  radar  r e t u r n s  from a  backscattering surface ,  r a the r  
than a l a r g e  number of d i s c r e t e  values ,  is a  more compact and e f f e c t i v e  way of 
expressing the  information, For c e r t a i n  app l i ca t ions  where ground t r u t h  i s  
a v a i l a b l e  t o  e s t a b l i s h  t h e  c o r r e l a t i o n  between oo and the  backscattering surface ,  
t h e  s t a t i s t i c a l  average  a is  va luab le  informat ion  and the re fo re ,  makes t h e  
0 
d a t a  compression f e a t u r e s  of t h e  sca t t e rome te r  c o l l e c t i n g  t h i s  in format ion  
j u s t  as va luab le .  
Ground t r u t h  f o r  t h e  oceans is  wel l -es tab l i shed .  The ocean is 
c e r t a i n l y  a  homogeneous medium whose s u r f a c e  s t r u c t u r e ,  o r  waves, w e l l  s a t i s f y  
1 
t h e  condi t ions  of a s t a t i s t i c a l l y  s t a t i o n a r i t y  s u r f a c e  over l a r g e  a r e a s .  
There a r e  land  areas t h a t  f i t  such requirements  and many t h a t  do no t .  It then  
becomes necessary  t o  s e p a r a t e  land a r e a s  i n t o  s t a t i s t i c a l l y  s t a t i o n a r y  seg- 
ments be fo re  meaningful measurements can b e  made of t h e  average b a c k s c a t t e r i n g  
area. 
Every s o  o f t e n  concern i s  shown because of t h e  presence of s p e c u l a r  
r e t u r n s  from a s c a t t e r i n g  su r f ace .  It has  been shown t h a t  a n  abundance of 
s p e c u l a r  a r e a s  must dominate t h e  f i e l d  of view b e f o r e ' t h e  s t a t i s t i c s  a r e  a l t e r e d .  
Th i s  is  no t  t o  s a y  t h a t  t h e  analog record  does n o t  c l e a r l y  show t h e  e x i s t e n c e  
of such t a r g e t s .  What i s  apparent  is  t h a t  t h e i r  amplitudes a r e  h igh  b u t  t h e i r  
d u r a t i o n s  a r e  s h o r t  compared t o  t h e  t o t a l  averaging time. Many e a r l y  t h e o r e t i -  
cal  models took i n t o  account  t h e  specu la r  t a r g e t s  and a t tempts  were made to  
s e p a r a t e  t h e  specu la r  and s c a t t e r e d  r e t u r n s ,  however, t h e  t r a n s i t i o n  r eg ions  
of s p e c u l a r i t y  and s c a t t e r i n g  a r e  mainly of d e f i n i t i o n .  Therefore,  having 
e s t a b l i s h e d  t h e  s t a t i s t i c a l  na tu re  of t h e  s c a t t e r i n g  su r f ace  and i t s  co r re s -  
ponding s t a t i s t i c a l  des igna t ions ,  i t  is  advantageous t o  u se  mathematical models 
t o  p r e d i c t  t h e  n a t u r e  of t h e  sca t t e rome te r  s i g n a l s .  
Footnote  
S t a t i s t i c a l l y  s t a t i o n a r y  f o r  t h i s  a p p l i c a t i o n  needs a s p e c i a l  explana t ion ,  
T e r r a i n s  t h a t  remain t h e  same i n  t h e i r  o v e r a l l  phys i ca l  and e l e c t r i c a l  proper- 
t ies would m e e t  t h i s  requirement.  A r e g i o n  i n t e r s p e r s e d  wi th  l a r g e  a r e a s  
having a promounced change i n  r e f l e c t i v i t y  from, say ,  p = 0.2 t o  0.8 would b e  
a n  example of n o n s t a t i o n a r i t y .  Such a r e a s  a r e  i nd ica t ed  by a l a r g e  s u s t a i n e d  
change i n  t h e  s i g n a l  l e v e l  and t h e  f l i g h t  r u n  can  be separa ted  i n t o  two sets 
of data r a t h e r  than  only one, a s  a n t i c i p a t e d ,  
1. Models 
Numerous models have been developed f o r  desc r ib ing  t h e  n a t u r e  
of t h e  backsca t t e r ed  e lec t romagnet ic  energy a s  f u n c t i o n s  of t h e  e l e c t r i c a l  and 
roughness p r o p e r t i e s  of t h e  s u r f a c e .  A s  one would expec t ,  t h e s e  are most ly 
mathematical  express ions  f o r  a i n  terms of t h e  s u r f a c e  p r o p e r t i e s  and c e r t a i n  
0 
of t h e  sca t t e rome te r  parameters .  The d i f f e r e n t i a l  normalized r ada r  backscat-  
t e r i n g  a r e a  must r e f l e c t  t h e  changes due t o  t h e  fo l lowing  s u r f a c e  p r o p e r t i e s  
as f u n c t i o n s  of t h e  main v a r i a b l e s  of a n g l e  of i nc idence  8, wavelength y ,  and 
p o l a r i z a t i o n  p .  
1. E l e c t r i c a l :  Conduct ivi ty  and d i e l e c t r i c  cons t an t  
2.  S t r u c t u r e :  Roughness, t e x t u r e  and i n t e r f a c e s .  
Many model developments u s ing  t h e  archhoff-Huygens s u r f a c e  concept of a n  
undula t ing  s u r f a c e  wi th  sma l l  s l o p e s  a r e  g iven  i n  terms of t h e  f i e l d  i n t e n s i -  
ties (E o r  H ) .  U t i l i z i n g  t h e  Poynting v e c t o r  t h e s e  can b e  r e l a t e d  t o  power- 
and thus  ao. 
The important  in format ion  imparted by t h e s e  va r ious  models is 
t h a t  t h e r e  i s  a v a i l a b l e  t o  t h e  u s e r  a s e t  of c o n t r o l l a b l e  v a r i a b l e s  and para- 
meters  which can b e  used i n  e s t a b l i s h i n g  c o r r e l a t i o n  between t h e  s u r f a c e  and 
t h e  r e t u r n  s i g n a l s  and must be  c a r e f u l l y  considered i n  t h e  des ign  of a d a t a  
preprocessor .  The works cover ing  t h i s  s u b j e c t  are too  numerous even t o  high- 
l i g h t  i n  t h i s  r e p o r t .  The r e a d e r  i s  t h e r e f o r e  d i r e c t e d  t o  t h e  a r t i c l e s  by 
(Beckmann, 1963; Edison, 1960; Fung, 1965; Janza ,  1963; Moore, 1966; Peake, 
1960. A 1 1  of t h e s e  works o f f e r e d  a conceptua l  model of a land  o r  s e a  s u r f a c e .  
These concepts  and t h e i r  j u s t i f i c a t i o n  must be v e r i f i e d  by experiment;  conse- 
quen t ly ,  some i n s i g h t  i n t o  t h e  s t r u c t u r e  and behavior  of t h e  s c a t t e r i n g  s u r -  
f a c e  i s  r equ i r ed .  
2. Sur face  
I n  modeling t h e  s u r f a c e  f o r  ob ta in ing  p l o t s  one can  imagine 
0 
t h e  s u r f a c e  as being made up of a l a r g e  number of s c a t t e r i n g  elements o r  f a c e t s  
of d i f f e r e n t  s i z e ,  Of r e a l  importance is  t h e  s i z e  of t h e s e  f a c e t s  a s  measured 
i n  terms of t h e  explor ing  wavelength. For a s ingle-frequency sca t t e rome te r ,  
t h e  explor ing  wavelength is t h e  monochromatic EM power i r r a d i a t i n g  t h e  s u r f a c e .  
The wavelength a c t s  as a s p a t i a l  f i l l e r  of t h e  s c a t t e r i n g  elements.  What t h i s  
means is t h a t  any s u r f a c e  w i l l  appear smooth i f  t h e  s ca t t e rome te r  wavelength 
i s  made long enough. This  f e a t u r e  a l o n e  j u s t i f i e s  t h e  ope ra t ion  of a mul t i -  
s p e c t r a l  s ca t t e rome te r  system f o r  t h e  NASA Remote Sensor A i r c r a f t  s i n c e  i t  
provides  another  s i g n a t u r e  source  f o r  s tudying  t h e  su r f ace .  
Beckmann (1965) pos tu l a t ed  a s u r f a c e  model made up of a t  l e a s t  
t h r e e  a r e a  element s i z e  groups wi th  t h e  l a r g e s t  forming a foundat ion.  Fung 
(1965) o f f e r e d  a  s i m i l a r  model. Such a model provides  a n  exp lana t ion  f o r  t h e  - 
i nc reased  va lues  of c a t  l a r g e  ang le s ,  30 t o  60 degrees ,  through t h e  s c a t -  
0 1 t e r i n g  from t h e  smal l - sca le  elements on top  of t h e  l a r g e r - s c a l e  elements.  
The s i z e  and number of t h e  s c a t t e r i n g  elements i s  only one  
a s p e c t  of a t o t a l  s c a t t e r i n g  model. The h e i g h t  v a r i a t i o n  of t h e  elements  
I needs t o  be  expressed as some e f f e c t i v e  v a l u e  about  t h e  mean ground p l ane ,  
I Th is  e f f e c t i v e  h e i g h t  parameter is  a l s o  l a b e l l e d  t h e  s tandard  d e v i a t i o n - o f  - 
I t h e  s c a t t e r i n g  h e i g h t s  measured i n  terms of t h e  explor ing  wavelength. Ray- 
d l e i g h ' s  c r i t e r i o n  f o r  roughness i nc ludes  t h e s e  parameters ,  o r  
f (111-1) <z> = a = 
f -4- 8 cos  ,g 
C e r t a i n  au tho r s  (Katz and Spetner ,  1960) found t h e  e f f e c t i v e  
s l o p e s  (given i n  two-dimensional su r f  a c e  coo rd ina t ions  6z, &) , more u s e f u l  
6~ p i n  p re sen t ing  t h e  EM s c a t t e r i n g  n a t u r e  of v a r i o u s  s t a t i s t l c a  su r f aces .  
To complete t h e  s t a t i s t i c s  of t h e  r e t u r n s  from each of t h e  
s c a t t e r e r s ,  t h e  e l e c t r i c a l  coupl ing r e s u l t i n g  from t h e s e  elements is  expressed 
as a c o r r e l a t i o n  f u n c t i o n  i n  t h e  i n t e g r a l  a model (Davis 1954; Janza 1963; 
0 
Fung, 1965; Moore, 1957). 
I n  summary, a  d e s c r i p t i o n  of t h e  s c a t t e r i n g  s u r f a c e  invo lves  
e f f e c t i v e  element s i z e ,  shape,  h e i g h t ,  and s lope .  The r e t u r n  i s  a f f e c t e d  by 
a n g l e  of inc idence ,  wavelength, and p o l a r i z a t i o n .  The i n t e g r a t f o n  of t h e  s ig-  
n a l s  f o r  t h e  s c a t t e r e r s  involves  a  c o r r e l a t i o n  func t ion  and a d e s c r i p t i o n  of the 
randomness of s i g n a l s  backsca t t e r ed  from t h e  elements.  The randomness p rope r ty  
i s  now discussed.  
3 .  Surface Backscatter 
The surface  has been shown t o  be made up of a l a r g e  number of 
s c a t t e r i n g  elements of random s i z e s ,  s lopes ,  and he igh t s ,  Some sur faces  have 
l a r g e  smooth elements measured i n  terms of wavelength.interspersed with t h e  
smaller  elements which add t o  t h e  backscatter  i n  a specular  manner. The sur-  
f aces  t o  be considered i n  t h e  following discuss ion a r e  taken t o  be s t a t i s t i -  
c a l l y  s t a t i o n a r y  over t h e  surveyed region.  
The number of elements, n ,  contained i n  t h e  antenna f i e l d  
of view, o r  more s p e c i f i c a l l y  i n  t h e  ground c e l l  used f o r  ana lys i s ,  must be  
l a r g e  (again i n  terms of t h e  scat terometer  wavelength) i n  order t o  provide a 
good s t a t i s t i c a l  r e s u l t .  Rough es t imates  were made a t  13.3 GHz of t h e  number 
of elements found i n  t h e  "reference" ground c e l l  taken a t  8 = 30 , and a 
1,000 f t .  a l t i t u d e .  A v a r i e t y  of elements about one wavelength square would 
number about l o 5  t o  l o 6 ,  f o r  13.3 GHz. The number a t  0.4 GHz is dependent 
l a r g e l y  on t h e  t e r r a i n  but  is  expected t o  be considerably reduced, but  s t i l l  
adequate i n  most cases ,  based upon the  Centra l  L i m i t  Theorem, f o r  providing 
f a i r  s t a t i s t i c s  about the  s c a t t e r i n g  surface .  
The natural--surface v a r i a t i o n s  of t e r r a i n  a r e  found t o  be  
d i s t r i b u t e d  i n  a random manner,land the re fo re  r e q u i r e  a s t a t i s t i c a l  descr ip-  
t i o n .  The scat terometer  s i g n a l s  from such surfaces  must be spec i f i ed  on a 
p r o b a b i l i t y  b a s i s  which means some amount of uncer ta in ty  w i l l  always be con- 
ta ined i n  t h e  predic t ion.  
From such su r faces ,  t h e  s i g n a l s  from t h e  n elements are 
expected t o  be of random amplitude and phase, Since t h e  scat terometers are used 
i n  a i r c r a f t  and spacecraf t  surveys and a r e  flown a t  some ve loc i ty ,  r e t u r n  s i g n a l s  
from t h e  scat terometers a r e  correspondingly random a s  r e f l e c t e d  by t h e  Doppler 
spectrum, 
4 .  Dis t r ibu t ions  
I f  one observes t h e  amplitudes of the  r e t u r n s  from such rough 
s u r f a c e s  a t  t h e  ou tpu t  of t h e  antenna,  of a p u l s e  r a d a r  a t  a f i x e d  range  R on a 
pulse-by-pulse b a s i s ,  t h e  ampli tudes f o r  a s u f f i c i e n t  number of samples are 
found t o  have a p r o b a b i l i t y  d e n s i t y  f u n c t i o n  of t h e  Rayleigh form. The dev- 
i a t i o n s  from a Rayleigh d i s t r u b i t i o n  f o r  a number of t e r r a i n s  (farmland, woods, 
d e s e r t ,  c i t i e s ,  and ocean) w e r e  found t o  b e  s m a l l  (Edison, d t  a l . ,  1958). Th i s  
is  t h e  same envelope ampli tude d i s t r u b u t i o n  found by cons ider ing  n phasors  whose 
phases a r e  uni formi ly  d i s t r i b u t e d  (Beckmann, 1967).  
The c o n d i t i o n  of unformily d i s t r i b u t e d  phase (UDP) seems r a t h e r  
u n r e a l i s t i c  f o r  t h e  phasors  u n t i l  one c o n s i d e r s  t h a t  r e g a r d l e s s  of t h e  frequency 
d i f f e r e n c e  of two sou rces ,  t h a t  it is only  t h e  s i n g l e  phase c y c l e  (0  t o  2n) t h a t  
m a t t e r s  i n  t h e  phase d i s t r i b u t i o n .  The UDP c o n d i t i o n  i s  common f o r  a l a r g e  
number of s i m i l a r  scatterers t h a t  a r e  many wavelengths a p a r t  b u t  are w i t h i n  the 
sca t t e rome te r  beamwidth, and f o r  thermal  n o i s e  from n gene ra to r s  each  w i t h  ran- 
dom ampli tude,  f requency,  and phase,  t h e  narrowband processes  s i g n a l  appears  
t o  b e  from such a source .  
The express ion  f o r  r a d a r  r e t u r n  s i g n a l s  can be  g iven  a s ,  
(111-2) ~ l t )  = A ( t )  exp :(j w ( t ) t  + Q ( t )  1 
where t h e  ampli tude A ,  angular  f requency w, and phase Q ,  can b e  f u n c t i o n s  of 
t i m e .  The mathematical  development f o r  t h e  ampli tude d i s t r u b u t i o n  i s  t h e  sum of 
I 
random phasors  
where t h e  terms i n  equat ion  (111-3) a r e  phasors  w i t h  UDP, and t h e  Ai are d i s t r i -  
bu ted  i d e n t i c a l l y  a s  Rayleigh,  or 
2 
where V i s  t h e  v o l t a g e  and o . t h e  va r i ance .  
There a r e  a number of tests t h a t  can  be app l i ed  t o  t h e  r a d a r  
r e t u r n s  t o  determine i f  t h e  surveyed t e r r a i n  f a l l s  i n t o  t h e  ca tegory  of what 
can now be def ined  a s  a Rayleigh s u r f a c e .  These a r e :  
a. The r a t i o  of t h e  average-squared t o  t he  va r i ance ,  
2 2 dc  /c is u n i t y .  (Tabulat ions of t h e s e  r a t i o s  f o r  a wide 
v a r i e t y  of t e r r a i n s ,  us ing  sca t t e rome te r s  around 0.4, 
1 .2 ,  and 3 . 8  GHz a r e  g iven  by Sandia Corp, monographs 
(Williams, 1960; Welch, 1956)).  
b. The r a t i o  of t h e  mean t o  t h e  median -is 0,844. 
c. The ampli tude v a r i a t i o n  from t h e  accumulative p r o b a b i l i t y  
d e n s i t y  f u n c t i o n  is  17.6 db between t h e  5 and 95 percen- 
t a g e  v a l u e s ,  o r  s p e c i f i e d  a s  a range of fad ing  g iven  by 
d .  The mean and s t anda rd  d e v i a t i o n  of t h e  p r o b a b i l i t y  d e n s i t y  
f u n c t i o n  are equal .  
The Rayleigh d i s t r i b u t i o n  and UDP can  be  shown by sepa ra t ing  S 
i n t o  i ts  r e a l  and imaginary p a r t s .  Th i s  r e s u l t s  i n  normal d i s t r i b u t i o n s  on each 
p a r t .  A f i n a l  p r o b a b i l i t y  d i s t r i b u t i o n  can be  developed ,,(V, 8 ) .  A b r i e f  review 
of t h e  cond i t i ons  and procedure are o u t l i n e d ,  t hus  
n n 
(111-5) X = Real S = Rcos8 = C AicosQi = C Xi 
i=l i=l 
n n 
(111-6) Y = Imaginary S = Rsin8 = C A sinmi = C Yi 
i=l i ' i=l 
The Rayleigh cond i t i ons  a r e  now summarized: 
(111-7) QX> and <Y> = 0 (A. a l l  have i d e n t i c a l  d i s t r i b u t i o n )  
1 
2 2 
<X > and <Y > = 2 
2 2 2 2 (111-8) P (x)  = 1 exp(-x 120 ) ; . p(y) = 1 exp (-y 1 2 0  ) 
aJ2.rr ZG 
(111-9) .P(x)P(Y)  = p ( x , y )  and p ( x , y ) c + p ( V ,  8)  
where t h e  b racke t  <> r e p r e s e n t s  t h e  average  of "i" phasors .  Thus <X> and <Y> 
2 2 
are t h e  averages  of t h e  x and y components r e s p e c t i v e l y ,  <X > and <Y > averages  
of t h e i r  va lues  squared,  and <XY> a n  average  of t h e i r  c r o s s  products .  Also p(x)  
and p(y) a r e  t h e  normal p r o b a b i l i t y  d i s t r i b u t i o n  func t ions  of t h e  x and y com- . 
ponents ,  where p(x) p(y)  = p(x, y) i n d i c a t e s  t h e  independence of t h e  two 
d i s t r i b u t i o n s .  
The p r o b a b i l i t y  d e n s i t y  f u n c t i o n  on V and 6 is obta ined  by a 
t r ans fo rma t ion  t o  y i e l d ,  
2 2 (111-10) p (V, 8)  = V exp (-V 1 2 0  ) , 
2 ~ 0  2 
F i n a l l y ,  i t  can  b e  shown t h a t  p(8)  = 1/27r ,  which i n d i c a t e s  unequivocably t h a t  
t h e  Rayleigh d i s t r i b u t i o n  is  one r e q u i r i n g  UDP of t h e  s i g n a l s .  
The same ampli tude d i s t r i b u t i o n  i s  achieved by a narrowband 
Gaussian random process  where t h e  bandwidth Af of t h e  s p e c t r a l  r eg ion  of i n ' t e r e s t  
I 
is s m a l l  compared t o  t h e  c e n t e r  f requency f of t h a t  region.  A complete mdthe- 
C 
m a t i c a l  development is  found i n  Davenport and Root (1958). 
The i n t r o d u c t i o n  of t h i s  phenomenon is  of i n t e r e s t  i n  t h e  pro- 
ce s s ing  of t h e  no i se - l i ke  informat ion  spectrum produced by t h e  envelope (Doppler 
spectrum) which is r e f e r r e d  t o  g e n e r a l l y  as t h e  fad ing  spectrum. Th i s  spectrum 
must be  analyzed t o  determine t h e  independence of t h e  s i g n a l  f o r  e s t a b l i s h i n g  
t h e  average of t h e  r e t u r n  s i g n a l  s t a t i s t i c s .  
5. Bandwidth and Au tocor re l a t ion  
It i s  important  t o  d i g r e s s  from a mathematical t o  a q u a l i t a t i v e  
d e s c r i p t i o n  of t h e  narrowband p roces s  i n  o r d e r  t o  provide f u r t h e r  i n s i g h t  i n t o  
111-19 
t h e  n a t u r e  of t h e  s t a t i s t i c a l  p roces s .  A broadband random s i g n a l  which con- 
t a i n s  no p e r i o d i c  components is  cons idered  whose spectrum i s  no t  n e c e s s a r i l y  
f l a t ;  t h e  p r o b a b i l i t y  func t ion  does no t  have t o  be  normal. The a u t o c o r r e l a t i o n  
f u n c t i o n  (ACF) f o r  random processes  is known t o  decrease  r a p i d l y  f o r  both posi-  
t i v e  and nega t ive  l a g  times. The averaging  of t h i s  broadband s i g n a l  can b e  
accomplished i n  a r e l a t i v e l y  s h o r t  t i m e  a s  compared t o  a narrowband s i g n a l .  A 
d i s p l a y  of t h e  analog record  of t h e  broadband s i g n a l  shows p o s i t i v e  and nega- 
t i v e  going peaks on both s i d e s  of ze ro  vo l t age .  
Consider t h e  changes i n  t h e  output  s i g n a l  when t h e  broadband 
no i se - l i ke  spectrum i s  f e d  t o  a f i l t e r  where t h e  f i l t e r  bandwidth i s  narrowed 
p rog res s ive ly .  At f i r s t ,  w i th  a  wide f i l t e r ,  t h e  f r equenc ie s  i n  t h e  spectrum 
are n o t  too  concent ra ted ,  and t h e  a u t o c o r r e l a t i o n  func t ion  r a p i d l y  approaches 
z e r o  ( s h o r t  l a g  t ime) .  Now as t h e  spectrum i s  concent ra ted  more, bandwidth 
narrower,  t h e  ACF spreads  o r  t h e  d e c o r r e l a t i o n  t ime i n c r e a s e s ,  and i n  t h e  
averaging  w i t h  a  rms vol tmeter ,  pronounced f l u c t a u a t i o n s  become no t i ceab le .  
As t h e  f i l t e r  is made narrower,  a t  some p o i n t  t h e  observed 
o u t p u t  appears  t o  look l i k e  an  amplitude-modulated s i g n a l  w i th  s lowly changing 
phase. Of r e a l  importance is  t h a t  t h e  a u t o c o r r e l a t i o n  func t ion  spreads  o u t  
i n  t h e  t ime domain, b r ing ing  t o  l i g h t  t h a t  t h e  t ime r equ i r ed  t o  o b t a i n  s u f f i c -  
i e n t  independent samples has  i nc reased ,  and t h a t  t h e  t ime over which t h e  s i g n a l  
remains s i g n i f i c a n t l y  c o r r e l a t e d  has  been shown t o  b e  an  exac t  func t ion  of t h e  
f i l t e r  bandwidth. 
As t h e  bandwidth i s  f u r t h e r  decreased,  t h e  p r o b a b i l i t y  d e n s i t y  
f u n c t i o n  of t h e  ins tan taneous  ampl i tudes  approaches a Gaussian d i s t r i b u t i o n ,  
t h e  envelope Rayleigh. 
6. Es t ab l i sh ing  Averages 
To o b t a i n  u s e f u l  s t a t i s t i c a l  d a t a  two th ings  must be  done: (1) 
a good s t a t i s t i c a l  average of t h e  s i g n a l  from t h e  ground c e l l s  must be  e s t a b l i -  
shed,  and (2)  t h e  s t a t i s t i c a l  s t a t i o n a r i t y  of t h e  t e r r a i n  must be  e s t a b l i s h e d  
over  t h e  measured i n t e r v a l .  Independent s i g n a l  con t r ibu t ions  r e s u l t  from ob- 
s e r v i n g  a ground element a t  d i f f e r e n t  ang le s  o r  by observing t h e  d i f f e r e n t  
ground elements w i t h i n  t h e  antenna beam, o r  combinations the reo f .  
This  correspondingly r a i s e s  t h e  two quest ions:  (1) were 
s u f f i c i e n t  independent samples o r  recorded d a t a  used ,  and (2) could t h e  
surveyed t e r r a i n  provide  s u f f i c i e n t  independent samples? (Methods f o r  ob ta in ing  
s u f f i c i e n t  samples f o r  a  long wavelength system were i n v e s t i g a t e d  by Hessemer 
(1955)h 
A compact p r e s e n t a t i o n  of answers t o  t h e s e  problems i s  g iven  
by Moore (1966) f o r  t h e  Doppler systems and i s  now b r i e f l y  reviewed. Consider 
a  p r e d e t e c t i o n  spectrum Af of such a d i s t r i b u t i o n  t h a t ,  a f t e r  square-law d 
d e t e c t i o n ,  a t r i a n g u l a r  spectrum r e s u l t s  ex tending  from 0 t o  2 Af d 
The a u t o c o r r e l a t i o n  f u n c t i o n  (ACF) a s soc i a t ed  w i t h  t h i s  c l o s e  
approximation t o  t h e  d e t e c t e d  spectrum can b e  computed. J u s t i f i c a t i o n s  of 
approximating t h e  Doppler in format ion  s p e c t r a  (va r i ance  s p e c t r a )  were conducted 
by Edison (1960) f o r  bo th  h o r i z o n t a l  and v e r t i c a l  v e h i c l e  v e l o c i t i e s .  The 
ACF of t h e  t r i a n g u l a r  spectrum i s  a one-sided Four i e r  cos ine  t ransform, 
The amount of d e c o r r e l a t i o n  f o r  independence has  r ece ived  con- 
s i d e r a b l e  a t t e n t i o n  and i s  a c t u a l l y  a somewhat vague, o r  a r b i t r a r y  des igna t ion .  
Decor re l a t ion  w a s  s p e c i f i e d  f o r  one sca t t e rome te r  program (Williams, 1960) -a s  
t h e  t ime a s s o c i a t e d  wi th  a v a l u e  of 0.25 f o r  t h e  ACF. I f  independence is  
assumed when t h e  a u t o c o r r e l a t i o n  f u n c t i o n  goes t o  zero  and i ts  envelope t o  
2 l / n  , t h e  t i m e  f o r  independence ( t ime between samples) i s  t = 114 Af = td/4, d 
where t = l /Afd;  t hus  td t h e  per iod  corresponding t o  t h e  p r e d e t e c t i o n  width of d  
t h e  Doppler spectrum and t h e  d e c o r r e l a t i o n  time is  td /4 ,  o r  h a l f  t h e  wid th  of 
t h e  p o s t d e t e c t i o n  spectrum. 
There i s  a need t o  know how f a r  t o  f l y  t h e  a i r c r a f t  t o  have 
s i g n a l ,  o r  sample, independence. The number of independent samples obta ined  
w i t h  a n  a i r b o r n e  sca t t e rome te r  f l y i n g  over  a ground c e l l  of l e n g t h  L is  g iven  by 
where v i s  t h e  a i r c r a f t  v e l o c i t y .  
It can be r e a d i l y  shown t h a t  t h e  Doppler in format ion  bandwidth 
f o r  a cons tan t  ground c e l l  s i z e  a t  d i f f e r e n t  angles  of inc idence  dec reases  wi th  
inc reas ing  ang le s  of incidence.  To e s t a b l i s h  t h e  number of independent samples,  
de te rmina t ion  of t h e  a u t o c o r r e l a t i o n  f u n c t i o n  over  t h e  sca t t e rome te r  r a d a r  re- 
t u r n  i n t e r v a l  of i n t e r e s t  p rovides  t h e  necessary  l a g  t i m e  in format ion ,  o r  t h e  
2 d e c o r r e l a t i o n  t i m e  g iven  by t h e  ACF v a l u e  o f  1 / n  . Mathematical computations 
can be  made of t h e  d e c o r r e l a t i o n  t i m e ;  however, t h i s  r e q u i r e s  a p r i o r i  knowledge 
about  t h e  s u r f a c e  s t a t i s t i c s  which is  a ques t ionab le  s t a t e  of cond i t i ons .  
7 . Sample Number 
The p r e c i s i o n  wi th  which t h e  average v a l u e  of t h e  s i g n a l  o (8.) 
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can  be  e s t a b l i s h e d  i s  determined by t h e  number of independent samples a v a i l a b l e .  
For n = 1000, t h e  r e s u l t i n g  average is  v e r y  good. The ques t ion  of whether suf -  
f i c i e n t  samples were a v a i l a b l e  from t h e  t e r r a i n  surveyed was r a i s e d .  C l e a r l y ,  
t h e  average is compromised f o r  i n s u f f i c i e n t  samples. 
The Rayleigh p r o b a b i l i t y  d e n s i t y  func t ion  a s s o c i a t e d  w i t h  t h e  
s i g n a l  envelope i s  cha rac t e r i zed  by equa l  mean and s tandard  d e v i a t i o n ,  and 
a f t e r  square-law d e t e c t i o n  is of t h e  form 
(111-13) p (V) = 1 exp (-V/a) ; a = p 
a 
where p i s  t h e  mean, V pos tde t ec t ion  v o l t a g e ,  and a t h e  s tandard  d e v i a t i o n .  
Where t h e  number of independent samples i s  sma l l  (say less than  l o o ) ,  t h e  
s tandard  d e v i a t i o n  f o r  t h e  mean of t h e  Rayleigh d i s t r i b u t e d  v a r i a b l e s  (samples) 
d i f f e r s  somewhat from t h a t  of normally d i s t r i b u t e d  v a r i a b l e s .  
Invoking t h e  Cen t r a l  Limit  Theorum, as t h e  number of samples 
i n c r e a s e s ,  t h e  Rayleigh and normal r e s u l t s  g e t  c lo se .  The s tandard  d e v i a t i o n  
of  t h e  mean improves a s  I/& o r  t h e  a = a /&,  and t h e  5 t o  95 percent  range 
mean 
i n  which t h e  mean can be  found is  g iven  by 3.29 p/& when t h e  approximation 0 
mean 
= a/& is taken.  
The range of u n c e r t a i n t y  i n  e s t a b l i s h i n g  t h e  average is g i v e n  
by F igu re  111-4. A v a r i a b i l i t y  of 211, o r  3 db, r e s u l t s  from having only  some 
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20 samples; 100 samples s t i l l  has a l a r g e  v a r i a b i l i t y  around 1 . 5  db ,  and 1,000 
about 0 .5 db o r  12 .5  percent .  A l a r g e  number of samples r e q u i r e s  f l y i n g  over  
a long s t r e t c h  of t e r r a i n  having the  same s t a t i s t i c s ,  o therwise  t h e  p r e c i s i o n  
of t h e  average  must be  compromised. 
I n  making d e t a i l e d  s t u d i e s  of t h e  v a r i a b i l i t y  of s p e c t r a l  esti- 
mates, i t  is unnecessary t o  be  too  p r e c i s e  i n  making approximations f o r  t h r e e  
reasons:  (1) t h e  v a r i a b i l i t y  r e s u l t s  depend on t h e  d i s t r i b u t i o n  be ing  e x a c t l y  
Gaussian, (2) t h e  main purpose i s  t o  choose a n  e f f e c t i v e  method f o r  a n a l y s i s ,  
and (3)  i t  is n o t  s a f e  t o  u s e  advance e s t i m a t e s  of v a r i a b i l i t y  as firm 
measures of s t a b i l i t y .  The r eade r  is r e f e r r e d  t o  a comprehensive t r ea tmen t  
of t h i s  s u b j e c t  by Blackman and Tukey (1958) and Beckmann (1967) where t h e  sub- 
j e c t  i s  t r e a t e d  on t h e  b a s i s  of degrees of freedom. 
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F igure  111-4 Unce r t a in i ty  i n  E s t a b l i s h i n g  Average 
8. Degrees of Freedom 
The measurement of a d c  v o l t a g e  r e q u i r e s  only one measurement, 
o r  t h i s  information has  b u t  one degree  of freedom. Extending t h i s  degree-of- 
freedom i d e a  t o  a r b i t r a r y  s i g n a l s ,  it was shown by Nyquist t h a t  t h e  number of 
measurements, o r  samples,  r equ i r ed  t o  completely d e f i n e  any s i g n a l  was d i r e c t l y  
r e l a t e d  t o  t h e  bandwidth. For a spectrumBHz wide ( i n  t h e  frequency domain) 
Nyquist  showed t h a t  2B degrees  of freedom (samples) were necessary  t o  recon-  
s t r u c t  t h e  s i g n a l  i n  t h e  t i m e  domain. It i s  now w e l l  e s t a b l i s h e d  t h a t  a s i g -  
n a l  of bandwidth B e x i s t i n g  f o r  T seconds r e q u i r e s  a t o t a l  of 2 BT samples t o  
f u l l y  recover  t h e  informat ion  o r  s i g n a l .  Th i s  is  a c t u a l l y  a s t a t emen t  of  t h e  
sampling theorem. For t h e  s t a t i s t i c a l  e s t i m a t i o n  of t h e  p r o p e r t i e s  of random 
s i g n a l s ,  t h e  same approach a p p l i e s ,  t h e  s t a t i s t i c a l  degrees of freedom are g iven  
by 
where B i s  bandwidth, T l eng th  of s i g n a l  i n  seconds. Equation I I I -14  shows t h a t  
t h e  degrees of freedom i s  r e s t r i c t e d  two ways: (1) by reducing t h e  bandwidth, 
and (2) by reducing t h e  t i m e .  I f  t h e  degrees  of freedom f o r  a random s i g n a l  
a r e  reduced, our  a b i l i t y  t o  s p e c i f y  t h e  s t a t i s t i c s  about  t h e  s i g n a l  are 
accord ingly  reduced. 
With t h e  no i se - l i ke  s i g n a l s  e n t e r i n g  t h e  a (8.) bandpass f i l t e r s ,  
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t h e  output  i s  expected t o  approach a Gaussian d i s t r i b u t i o n .  The PSD measure- 
ments w i l l  then a l s o  fo l low a gauss i an  d i s t r i b u t i o n .  S ince  t h e  s i g n a l  needs  
t o  b e  squared t o  produce t h e  PSD, informat ion  is r equ i r ed  about  t h e  p r o p e r t i e s  
of t h e  squa re  of a gauss ian  d e n s i t y  func t ion .  A random v a r i a b l e  which is 
gauss ian ,  when squared fo l lows  a Chi-squared d i s t r i b u t i o n  x', It c a n  b e  shown 
t h a t  t h e  number of s t a t i s t i c a l  degrees  of freedom f o r  t h e  squared s c a t t e r o m e t e r  
d a t a  determines how a c c u r a t e l y  t h e  s t a t i s t i c s  can b e  es t imated ,  w i t h  t h e  a b i l i t y  
t o  do s o  being d i r e c t l y - r e l a t e d  t o  t h e  Chi-squared d i s t r i b u t i o n .  
Having shown t h a t  t h e  s t a t i s t i c a l  degrees of freedom a r e  d i r e c t l y  
r e l a t e d  t o  both t h e  bandwidth and t ime ,one  then  i s  i n t e r e s t e d  i n  knowing how 
t o  average  t h e  d a t a ,  and how long t o  average  t h e  d a t a .  
Any recorded l e n g t h  (or t i m e  sample) of sca t te rometer  d a t a  can  
be  averaged by one of two methods: (1) by tak ing  ampli tude samples, summing, 
and d iv id ing  by t h e  number of samples,  and (2) by us ing  an RC f i l t e r .  To pro- 
duce a  good e s t i m a t e  of t h e  mean squared v a l u e  of t h e  Doppler in format ion ,  
s t a t i s t i c a l l y  equ iva l en t  va r i ances  w i l l  be  obta ined  i f  t h e  e f f e c t i v e  i n t e g r a t i o n  
t ime i s  equal  t o  twice  t h e  RC t i m e  cons t an t  of t h e  f i l t e r .  
9. Specular  S igna l  
Br ie f  mention is  now made of specu la r  elements which a r e  evidenced 
i n  t h e  r e a l  t ime d i s p l a y  a s  high-amplitude s p i k e s .  There a r e  a number of ways 
of handl ing specu la r  t a r g e t s  s o  t h a t  they  do n o t  degrade t h e  s t a t i s t i c a l  average ;  
which a r e  
(1) Analyze t h e  d a t a  w i th  peaks, and wi th  t h e  peaks r e j e c t e d ,  
e s t i m a t e  t h e  PSD a t  t h e  peaks and f a r  from t h e  peaks. 
(2) App1y.a bandpass f i l t e r  t o  i s o l a t e  f requencies  a t  and 
n e a r  t h e  peak. 
I f  t h e  number of specu la r  elements i n  t h e  f i l e d  of view of t h e  antenna a r e  not  
t oo  l a r g e ,  t h e  change i n  t h e  fad ing  o r  t h e  d i s t r i b u t i o n  i s  not  too ev iden t  
(Edison, 1958) . 
E. DATA FORMATS 
There a r e  many advantageous and u s e f u l  ways processed sca t t e rome te r  
d a t a  can be  formatted o r  d i sp layed  f o r  t h e  u s e r  groups. Providing t h e  b e s t  f o r -  
m a t  f o r  t h e  d e t a i l e d  s tudy  of  some phenomenon u t i l i z i n g  remote sensor  d a t a  h a s  
j u s t  r e c e n t l y  rece ived  "due" cons ide ra t ion .  For example, t h e  oo(8) p l o t  f o r  W 
p o l a r i z a t i o n  has  been t h e  dominant format f o r  many y e a r s  bu t  c e r t a i n l y  n o t  t h e  
b e s t  f o r  many ERP s t u d i e s .  It must be  conceded t h a t  o t h e r  d a t a  formats  would 
b e  f a r  more u s e f u l  t o  t h e  a n a l y s t .  
Before d i scuss ing  t h e  v a r i o u s  format types  which a r e  a v a i l a b l e ,  some 
comments on t h e  k inds  of in format ion  t o  be  d isp layed  a r e  necessary.  From remarks 
about  "what i s  u s e f u l  information" from t h e  g e o l o g i s t s ,  a g r i c u l t u r i s t ,  hydrolo- 
g i s t ,  e t c . ,  i t  becomes r e a d i l y  apparent  t h a t  d i s c r e t e  and p r e c i s e  informat ion  
a r e  expected from a l l  remote sensor  measurements, The formats  p r e f e r r e d  from 
such  informat ion  a r e ,  i n  t h e i r  o rde r  of preference :  
1. Imagery wi th  h igh  s p a t i a l  r e s o l u t i o n  and t h e  means of 
c o r r e l a t i n g  t h e  image w i t h  e l e c t r i c a l  and phys i ca l  
p r o p e r t i e s  of t h e  s u r f a c e ,  
2. Analog r eco rds  wi th  h igh  s p a t i a l  r e s o l u t i o n  and t h e  
c o r r e l a t i o n  a b i l i t y .  
3 .  S t a t i s t i c a l  v a l u e s  and a means of c o r r e l a t i n g  s i g n a l  
averages  wi th  t h e  t e r r a i n  and i n d i r e c t l y  atmospherics .  
For a complete c a p a b i l i t y  of ana lyz ing  t e r r a i n  p r o p e r t i e s ,  information 
of t h e  scene  i n  t h e  form of imagery, r ea l - t ime  analog r eco rds ,  and s t a t i s t i c a l  
p l o t s  a r e  a l l  v i t a l ,  n o t  t o  mention t h e  need f o r  ground t r u t h .  
A survey of t h e  d a t a  needs of t h e  p r i n c i p a l  i n v e s t i g a t o r s  and u s e r  
groups i s  r equ i r ed .  Once t h e  k inds  of in format ion  r equ i r ed  a r e  c l e a r l y  es tab-  
l i s h e d  t h e  b e s t  ways of fo rma t t ing  o r  d i s p l a y i n g  t h e  processed informat ion  
should b e  decided upon. 
The s e l e c t i o n  of c e r t a i n  b a s i c  d a t a  can be made immediately a long  
w i t h  a p p r o p r i a t e  formats .  However, stemming from t h e  r e q u e s t s  by v a r i o u s  u s e r s  
f o r  s p e c i f i c  information,  before- the-fact  p r e d i c t i o n s  o r  s p e c u l a t i o n s  on t h e  
a v a i l a b i l i t y  of such informat ion ,  t h e  k inds  of formats  which would b e  r equ i r ed  
can  b e  made a t  t h i s  t ime. This  i s  evidenced by t h e  fol lowing p r e s e n t a t i o n  of 
t h e  many k inds  of formats ,  some of which are i n  ex i s t ence ,  t h e  o t h e r s  are new. 
F i r s t ,  i t  is  informat ive  t o  review some of t h e  "standard" o r  e s t a b l i s h e d  r a d a r  
b a c k s c a t t e r  d a t a  formats ,  o r  d i s p l a y  forms. 
1. Standard Formats 
The need f o r  some s tandard  way of spec i fy ing  t h e  r a d a r  back- 
s c a t t e r i n g  p r o p e r t i e s  of a n  ex tens ive  s u r f a c e  a r e a  l e d  t o  t he  e a r l y  s t anda rd  
d e s i g n a t i o n  of t h e  normalized r a d a r  b a c k s c a t t e r i n g  a r e a  cr ( 8 ) .  This  s tandard  
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des igna t ion  is  pu re ly  a number, o r  s p e c i f i c a l l y  t h e  e f f e c t i v e  r ada r  a r e a  per  
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u n i t  a r e a  of t h e  t e r r a i n  (meters  /meter ) .  It i s  important  t o  note  t h a t  t h e  
r a d a r  a r ea  i s  normalized t o  be completely independent of t h e  r ada r  system 
t h a t  c o l l e c t e d  t h e  d a t a .  It  is  supposed t o  r e f l e c t  on ly  t h e  r ada r  s c a t t e r i n g  
p r o p e r t i e s  of t h e  t e r r a i n .  This  means t h a t  under i d e n t i c a l  cond i t i ons ,  w i t h  
d i f f e r e n t  systems a t  t h e  same frequency,  i t  should be p o s s i b l e  t o  compare t h e  
r e s u l t s  of two widely sepa ra t ed  r e sea rch  groups conducting r e f l e c t i v i t y  s t u d i e s .  
Th i s  i s  e a s i e r  s a i d  than  done, mainly because t h e  measuring systems a r e  complex 
enough s o  t h a t  normal iza t ion  cannot be  accomplished t o  a  s u f f i c i e n t  degree  of 
accuracy t o  show unequivocable correspondence i n  o (0)  d a t a  taken wi th  s e p a r a t e  
0 
systems. It i s  important  t o  n o t e  t h a t  o  i s  a d i f f e r e n t i a l  des igna t ion  t h a t  
0 
a l lows  i t  t o  be  modeled i n  an i n t e g r a l  where i t  can be i n t e g r a t e d  over t h e  
ang le s  of i nc idence  and azimuth, oo(e ,  +). For nea r ly  a l l  a p p l i c a t i o n s ,  o r  
cond i t i ons ,  i t  can b e  reasonably  assumed t h a t  a i s  cons t an t  over azimuthal  
0 
ang le s  (because of beamwidth l i m i t i n g ) .  
Another important  a s p e c t  of o  (8) i s  t h a t  i t  is  a s t a t i s t i c a l  
0 
des igna t ion  a l though t h e r e  appears  t o  b e  no documentation t h a t  says  i t  cannot  
b e  used i n  a d i s c r e t e ,  a s  w e l l  as s t a t i c ,  sense .  Taking Go t o  be def ined  as 
a s tat is t ical  q u a n t i t y ,  i t  must then  be  r ep re sen ted  by a long-time average.  
The normalized r a d a r  backsca t t e r ing  a r e a  o (8)  came i n t o  being e a r l y  and was 
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t h e  model, o r  form, w i th  which r e f l e c t i v e  and s c a t t e r i n g  p r o p e r t i e s  of t e r . r a in s  
could  be s p e c i f i e d .  The informat ion  imparted by o (8) i s  cons iderable ,  and it 
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served  i t s  intended purpose f o r  t h e  e a r l y  r a d a r  r e t u r n  s t u d i e s ,  a l though many 
i n v e s t i g a t i o n s  have occas s iona l ly  generated o t h e r  p l o t s  t o  d i s p l a y  a d d i t i o n a l  
p e r t i n e n t  f e a t u r e s  of t h e . s c a t t e r i n g  su r f ace .  The oo(0)  d i s p l a y s  of t h e  r a d a r  
backsca t t e r ing  p r o p e r t i e s  of v a r i o u s  l and  and s e a  s u r f a c e s  has  served a  ve ry  
u s e f u l  purpose i n  providing a b a s i s  f o r  u n i f i c a t i o n  and comparison of ou tpu t s  
of t h e  many d i f f e r e n t  r a d a r  r e t u r n  programs conducted i n  t h e  p a s t .  However, 
many i n v e s t i g a t o r s  soon r equ i r ed  o t h e r  d i s p l a y s  o r  had j u s t  g o t t e n  t i r e d  of a 
0 
d i s p l a y s .  These d i s p l a y s  were l fmi t ed  t o  one v a r i a b l e ,  t h e  ang le  of inc idence ,  
9 ,  a cons t an t  wavelength, and one parameter of p o l a r i z a t i o n .  The p o l a r i z a t i o n  
mode was u s u a l l y  v e r t i c a l  t r ansmi t  and v e r t i c a l  r ece ive ,  W. The need f o r  more 
d e f i n i t i v e  oo d i s p l a y s  r e s u l t e d  i n  v a r i a t i o n s  of t he  normalized backsca t t e r ing  
area o . I n  a d d i t i o n ,  o t h e r  in format ion  forms r e l a t e d  t o  o have been proposed 
0 0 
which have c e r t a i n  advantages over  t h e  p l o t s .  For example, power s p e c t r a l  
d e n s i t y  p l o t s ,  PSD, of t h e  Doppler spectrum become n a t u r a l l y  popular w i th  t h e  
w i t h  t h e  Doppler s ca t t e rome te r s .  Such spectrums al low one t o  observe  a cont in-  
uous in s t an t aneous  o r  averaged p l o t  which embodies t he  r e t u r n s  from a l l  p a r t s  
of t h e  f i e l d  of view. Before cons ider ing  t h e  va r ious  forms of 5 d i s p l a y s ,  a 
0 
look  at  t h e  r a d a r  equat ion is  h e l p f u l  i n  showing t h e  parameters t h a t  can be 
v a r i e d  t o  develop d i s p l a y s ,  as w e l l  as o t h e r  u s e f u l  forms which may be  gener- 
a t e d  f o r  t h e  Ear th  Resources Program (ERP) o r  o t h e r  s i m i l a r  s c i e n t i f i c  a c t i v i t i e s .  
2. Var iab les  and Parameters  
It was i n d i c a t e d  t h a t  i n  t h e  measurement of t h e  r a d a r  back- 
s c a t t e r i n g  a r e a  of a l a r g e  s t a t i s t i c a l l y  s t a t i o n a r y  s u r f a c e  t h a t  two major i t e m s  
had t o  b e  considered:  (1) t h e  sca t t e rome te r  system, and (2) t h e  b a c k s c a t t e r i n g  
t e r r a i n .  The f l e x i b i l i t y  of t h e  sca t t e rome te r  as a measurement t o o l  is excel- 
l e n t  s i n c e  i t  u t i l i z e s  a number of parameters  which a r e  s e n s i t i v e  t o  s u r f a c e  
roughness and r e f l e c t i v i t y  a s  shown by t h e  fol lowing express ion  f o r  t h e  normal- 
i z e d  r a d a r  backsca t t e r ing  area 
3 4 
- Pr(4r )  h (111-15) a. - 
2 2 4  PtG (0)A cos  BAA 
where P is t h e  average power, h a l t i t u d e ,  P t r ansmi t t ed  power, G(0) antenna 
r t 
power g a i n  a t  ang le  0,  A wavelength, and AA t h e  t e r r a i n  a r e a  element i r r a d i a t e d .  
I n  p a r t i c u l a r ,  t h e  s c a t t e r i n g  p r o p e r t i e s  of t h e  s u r f a c e  a r e  s e n s i t i v e  t o  t h e  
explor ing  wavelength a s  w e l l  as t h e  p o l a r i z a t i o n  of t h e  i n c i d e n t  r ad i a t ion . ,  i 
One can advantageously summarize t h e  v a r i a b l e s  and parameters i n  a s h o r t  form 
such  t h a t  they  can be  used s i n g u l a r l y  o r  i n  combinations f o r  t h e  c o n s t r u c t i o n  
of a*, PSD, o r  analog p l o t s  by t h e  fo l lowing  f u n c t i o n a l  express ion ,  
where newly introduced t e r m s  a r e  beamwidth, p r e f l e c t i v i t y ,  p p o l a r i z a t i o n ,  
u conduc t iv i ty ,  E d i e l e c t r i c  cons t an t ,  T temperatuare and S t h e  s e a t t e r e r  
h e i g h t .  Other parameters which could be included i n  t he  a f u n c t i o n a l  expres- 
0 
s i o n  d e a l  w i th  s l o p e  s i z e  and s p a t i a l  d i s t r i b u t i o n  a spec t s  of t h e  s c a t t e r e r s .  
A review of t h e  l i t e r a t u r e  shows t h a t  a l l  of  t h e  v a r i a b l e s  o r  parameters  
expressed by Equation (111-16) a r e  found t o  be  used i n  va r ious  p l o t s  t o  convey 
t h e  s i g n a t u r e  p r o p e r t i e s  of a  t e r r a i n .  
The va r ious  ways of d i s p l a y i n g  t h e  information contained i n  
Equation (111-16) a r e  now reviewed somewhat i n  t h e  o rde r  of t h e i r  prominence 
and use.  Other combinations and methods a r e  presented f o r  completeness. 
3 .  Formats 
The most common and f r e q u e n t l y  publ ished p l o t s  i n  t h e  p a s t  f o r  
s p e c i f y i n g  t h e  r a d a r  backsca t t e r ing  p r o p e r t i e s  of a  t e r r a i n  have been t h e  nor- 
malized r a d a r  backsca t t e r ing  d i f f e r e n t i a l  a r e a  a (8,  4)  f o r  a s i n g l e  wavelength 
0 
and t h e  W p o l a r i z a t i o n  mode. These p l o t s  a r e  found i n  t h e  open l i t e r a t u a r e  
f o r  v a r i o u s  pu l se  and CW r a d a r s  ( a c t u a l l y  s ca t t e rome te r s )  i n  t h e  s tudy  of sea 
and land  su r f aces .  The sca t t e rome te r  programs f o r  which a (8) d a t a  i n d i c a t e s  
0 
angu la r  dependence, excluding graz ing  inc idence ,  a r e  found were taken a t  s e v e r a l  
d i f f e r e n t  f r equenc ie s  (0.415, 0.425, 1 .25,  1 . 6 ,  3.3, 3.8, 9.37, 10 ,  13.3, 15.5, 
35, 38, and 48.7 GHz, t o  g i v e  a few). The p o l a r i z a t i o n  modes used were p r i -  - 
m a r i l y  VV, w i th  some HH, a few cases  of HV, and even some cases  of c i r c u l a r .  
The angular  dependence of a (8) has  been emphasized i n  t h e  p a s t ,  however, wave- 0 
l e n g t h  dependencies have a l s o  been d isp layed  b u t  comparisons of t h e  d a t a  have 
n o t  been made. 
Quest ions have been r a i s e d  many times by s c i e n t i f i c  personnel  
u s ing  r a d a r  r e t u r n  d a t a  as t o  j u s t  what is  t h e  b e s t  way of format t ing  t h e  d a t a  
and what should b e  included and s t r e s s e d ?  To answer t h i s  ques t ion  completely 
and conc i se ly  Table 111-1 has been prepared which covers  t h e  many ways i n  which 
r a d a r  r e t u r n  d a t a  has  been formatted by v a r i o u s  r e sea rche r s  a s  we l l  as o t h e r  
p o t e n t i a l l y  a t t r a c t i v e  ways which have been proposed by o t h e r s .  I n  t h e  d i s p l a y  
of d a t a ,  one e x c e l l e n t  way of conveying informat ion  i s  through t h e  u s e  of para- 
m e t r i c  d a t a  p l o t s .  This  i s  exemplif ied by t h e  f i r s t  e n t r y  i n  Table 111-1 for  
f ami ly  of a (8) p l o t s  f o r  t h e  p o l a r i z a t i o n  parameters ,  W, HH, and HV, a t  a 
0 
c o n s t a n t  wavelength A ,  and t h e  ang le  of inc idence  8  a s  t h e  v a r i a b l e .  
Table 111-1 c o n s i s t s  of columns f o r  t h e  fol lowing:  (1) Display 
Types, (2) F igure  No. and Agency, (3) Var i ab le s ,  (4) Constants ,  (5) Parameters ,  
and (6)  Remarks. The remarks column c a r r i e s  p e r t i n e n t  comments.about t h e  d i s -  
p lay  such as a p p l i c a b i l i t y ,  u t i l i t y  and accuracy.  Sample p l o t s  a r e  g iven  by 
Figures  111-5, 6 ,  and 7 which d e p i c t  t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  of each 
d i s p l a y ,  and a r e  c r o s s  re ferenced  t o  Table  191-1. Each en t ry  i s  new reviewed. 
4 ,  Radar Backsca t te r ing  Area 
a. a. ( 0) , Standard Format 
The e a r l i e s t  and most popular  p r e s e n t a t i o n  of normalized . 
r a d a r  backsca t t e r ing  a r e a  d a t a  has  been t h e  a  p l o t s  as a func t ion  of t h e  ang le  
0 
of inc idence ,  a t  a des igna ted  frequency i n  t h e  range  0 .4  t o  50 GHz, and f o r  t h e  
v e r t i c a l  t r ansmi t  and v e r t i c a l  r e c e i v e  p o l a r i z a t i o n  mode, F igure  111-5a. 
To make t h e  oo p l o t  a more u s e f u l  t o o l  f o r  a n a l y s i s  f o r  
v a r i o u s  ERP d i s c i p l i n e s ,  as a minimum, informat ion  i s  r equ i r ed  about t h e  fol lowing:  
(1) t h e  f i e l d  of view of t h e  sca t te rometer  
(2) s t a t i o n a r i t y  of t h e  t e r r a i n  
(3) t h e  p h y s i c a l  p r o p e r t i e s  of t h e  t e r r a i n ,  roughness,  
cover ,  temperatuare,  mois ture ,  e t c . ,  
(4) weather c o n d i t i o n s ,  and 
( 5 )  t h e  s ca t t e rome te r  parameters .  
Where t h e  r a d a r  b a c k s c a t t e r i n g  s u r f a c e  i s  homogeneous and 
has  e s s e n t i a l l y  t h e  same e l e c t r i c a l  p r o p e r t i e s ,  t h e  roughness v a r i a t i o n  can  be 
advantageously d isp layed  a s  a f u n c t i o n  of t h e  a n g l e  of incidence.  A f ami ly  of 
such  curves ,  F igu re  111-5b, can be  made t o  exemplify t h e  s c a t t e r i n g  p r o p e r t i e s  
of t h e  l and  o r  s e a  s u r f a c e  a s  a f u n c t i o n  of i ts  roughness. 
For t h e  s tudy  of s e a  roughness,  a number of u s e f u l  f a m i l i e s  
of a. p l o t s  can  b e  generated t o  emphasize s p e c i a l  sea  condi t ions .  They are: 
(1) o (8); f o r  t h e  parameters  of s e a  s t a t e  o r  wave 
0 
he igh t  
(2)  a ( 8 ) ;  f o r  t h e  parameters  of wavelength 
0 
(3)  o (8); f o r  t h e  parameters  of p o l a r i z a t i o n  
0 
(4) o (8 ) ;  f o r  t h e  parameters  of wind d i r e c t i o n ;  Upwind, 
0 
downwind, and c r o s s  wind, F igure  111-5c. 
c .  u (8) , P o l a r i z a t i o n  Format 
0 
The f u l l  s i g n i f i c a n c e  of t h e  s i g n a t u r e  e f f e c t s  t o  b e  found 
i n  t h e  d i f f e r e n t  p o l a r i z a t i o n s  has no t  been eva lua ted  f o r  t h e  ERP. The assoc ia-  
t i o n  of t h e  po la r i zed  r e t u r n  wi th  s u r f a c e  s c a t t e r i n g  f e a t u r e s  remains t o  b e  
explored f o r  t h e  v a r i o u s  t e r r a i n s  flown by t h e  NASA Remote Sensor A i r c r a f t .  Deter- 
mina t ion  of e f f e c t i v e  s c a t t e r e r  s lopes  (two-dimensional) can b e  aided by po la r i za -  
t i o n  ana lyses .  Consequently, such p l o t s  as g iven  i n  F igure  111-5d a r e  u s e f u l .  
P o l a r i z a t i o n  measurements have been neglec ted  mainly because 
of t h e  added complexity of t h e  sca t t e rome te r  measurements. A s p e c i a l  set of 
d a t a  w a s  proposed e a r l y ,  t h e  p o l a r i z a t i o n  ma t r ix ,  t o  provide  t h e  complete EM 
p o l a r i z a t i o n  a s p e c t s  of t h e  b a c k s c a t t e r i n g  s u r f a c e .  The informat ion  could be  
p a r t  of t h e  u s u a l  a. p l o t s .  The p o l a r i z a t i o n  ma t r ix  i s  u s e f u l  i n  e s t a b l i s h i n g  
t h e  correspondence between t h e  r a d a r  s i g n a l  and t h e  s c a t t e r i n g  su r f ace .  
d .  a ( 8 ) ,  R e f l e c t i v i t y  Format 
0 .  
The v o l t a g e  r e f l e c t i o n  c o e f f i c i e n t  ( @ *  = power) has  no t  
r ece ived  adequate  cons ide ra t ion  i n  t h e  ana lyses  of t e r r a i n s .  It involves  t h e  
conduc t iv i ty  and d i e l e c t r i c  p r o p e r t i e s  05 t h e  t e r r a i n .  A s u r f a c e  having p e r f e c t  
conduc t iv i ty  is  assumed f o r  most ana lyses .  The r e t u r n  from a  s c a t t e r e r  i n c r e a s e s  
d i r e c t l y  w i th  its r e f l e c t i c i t y ,  and t h e  e f f e c t  i s  a d i r e c t  v e r t i c a l  t r a n s l a t i o n  
of t h e  e n t i r e  o (8) p l o t  a s  shown i n  F igure  111-5e. The microwave radiometer  
0 
has  promise of us ing  r e f l e c t i v i t y  d a t a  f o r  hydrology. The sca t t e rome te r  d a t a  
p rope r ly  d isp layed  should provide  important  c o r r e l a t i o n s  from r e f l e c t i v i t y  
changes. 
e ,  ( e ) ,  Parameter Format 
0 
Var ia t ions  of the  parameter wavelength should provide s i g n i -  
f i c a n t  d i sp lays  a s  sea  s t a t e  s t u d i e s  progress.  The d iagnos t i c  c a p a b i l i t y  of 
t h e  wavelength parameter i n  t h e  study of high sea  s t a t e s  remains t o  be  demon- 
s t r a t e d .  The magnitude of the  o (8) p l o t  a t  v e r t i c a l  incidence,  and angles  
0 
near  60°, f o r  d i f f e r e n t  values of t h e  wavelength parameter f o r  a  given s e a ,  w i l l  
be of major i n t e r e s t .  Correspondence between radar  backscat ter ing models of t h e  
sea  and the  exploring wavelength need t o  be es t ab l i shed .  Mul t i spec t ra l  d a t a  
are required ,  F igure  111-5f. 
f  . oo (0)  , Wavelength Format 
This i s  t h e  f i r s t  t i m e  i n  t h i s  r epor t  t h a t  the  s tandard  
o (8) p l o t  is changed from a "8" t o  a  "A" v a r i a b l e ,  wi th  p o l a r i z a t i o n  constant .  
0 
Although, i t  would be d e s i r a b l e  t o  have continuous wave p r o f i l e s ,  t h e  l a c k  of 
swept-frequency sca t terometers  makes one r e s o r t  t o  j u l t i s p e c t r a l  d i s p l a y s ,  
wi th  a s  a  parameter; say 5, 15 ,  30, 50 and 60 degrees,  Figure 111-5g. This  
form of da ta  d i sp lay  f o r  sea  s t a t e  d a t a  is found q u i t e  o f t e n  i n  t h e  l i t e r a t u r e  
and is  important i n  showing t h e  s e n s i t i v i t y  of t h e  backscat ter ing  t o  wavelength 
and angle  of incidence.  
g. csos(B) , Rela t ive  Format 
The . r e l a t i v e  p l o t s  provide a more q u a l i t a t i v e  d i s p l a y  
allowing one t o  compare t h e  s c a t t e r i n g  p r o p e r t i e s  of a  v a r i e t y  of t e r r a i n s .  It 
can be informative only when t h e  o p l o t s  a r e  taken under t h e  same cond i t ions ,  
0 
i - e . ,  wavelength, p o l a r i z a t i o n ,  a l t i t u d e ,  e t c  ( ~ i ~ ,  111-5h). 
Such p l o t s  would be extremely valuable  f o r  t a r g e t  d e t e c t i o n  
s t u d i e s  where t h e  s c a t t e r i n g  and r e f l e c t i v e  p r o p e r t i e s  of var ious  m a t e r i a l s  and 
t e r r a i n s  a r e  of concern. The wavelength parameter i s  highly important pa r t i cu -  
l a r l y  a t  t h e  longer wavelengths. 
5. Rat io  P l o t s  
POPULAR DISPLAY OF oo 
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POL. = W 
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a.  oo (VVx/wc) Format 
Ra t io  p l o t s  have been u s e f u l  i n  showing magnitude changes 
i n  t h e  r ada r  r e t u r n  s i g n a l  f o r  d i f f e r e n t  v a l u e s  of t h e  parameters of wind d i r e c -  
t i o n  and p o l a r i z a t i o n .  F igu re  111-6a shows t h e  r a t i o  i n  d e c i b e l s  f o r  two 0 
0 
p l o t s  f o r  t h e  W p o l a r i z a t i o n  mode. The r a t i o  des igna ted  as CJ (VV )'/a (VV ) 
O X O C  
is  f o r  t h e  X-band and C-band sca t t e rome te r s .  E i t h e r  6  o r  A can  be  t h e  v a r i a b l e .  
Numerous combinations on t h e  v a r i a b l e s  and parameters  become a t t r a c t i v e  w i t h  
some p a r t i c u l a r  r a t i o  being ind ica t ed  t h a t  would h i g h l i g h t  t h e  d e s i r e d  s i g n a t u r e .  
b  . 0 (Upwind) /ao (Downwind) Format 
0 
This  p a r t i c u l a r  d i s p l a y  i s  similar t o  t h e  previous r a t i o  
g iven  above, bu t  s t r o n g l y  shows t h e  e f f e c t s  of t h e  wind d i r e c t i o n  parameter.  A t  
some va lue  of t h e  a n g l e  of inc idence  6, t h e  cross-over p o i n t  is  loca t ed  where 
t h e  r a d a r  b a c k s c a t t e r i n g  a r e a  f o r  upwind becomes l a r g e r  t han  f o r  downwind, 
F igu re  111-6b. 
6. S e c t i o n a l  a P l o t s  
0 
a. a ( 8) , S e c t i o n a l  Format 
0 
Disp lays  of q (8) over  s t a t i s t i c a l l y  s t a t i o n a r y  s e c t i o n s  of 
0 
t h e  surveyed land s u r f a c e  would be  i n v a l u a b l e  i n  e s t a b l i s h i n g  r e p r e s e n t a t i d  
i 
r a d a r  r e t u r n  d a t a  f o r  v a r i o u s  land  types .  Such d i s p l a y s  would provide t h e  p r in -  
c i p a l  i nves t iga to r  w i th  more exac t  s i g n a t u r e s  f o r  a  p a r t i c u l a r  t e r r a i n  where- 
by c a t e g o r i z a t i o n  could be  much more exac t  and ' the d a t a  more accu ra t e ,  F igure  
111-7a. 
b  . Devia t ion  Format 
For most s t u d i e s  of t h e  r a d a r  r e t u r n  p r o p e r t i e s  of a  su r -  
f a c e ,  a n  average v a l u e  of @ (8) can be  e s t a b l i s h e d .  For s e c t i o n a l  0 (8) p l o t s ,  
0 0 
t h e  p l o t s  may vary  cons iderably  from t h e  e s t a b l i s h e d  average.  Deviat ion p l o t s  
f o r  each s e c t i o n  a r e  u s e f u l  i n  showing roughness and r e f l e c t i v i t y  changes, o r  
anomalies ,  F igure  111-7b. The d e v i a t i o n s  can  s t i l l  be meaningful even though 
i 
i 




POL. = VV, HH, HV 
X = X1, X2, ETC. 
ROUGHNESS = SEA STATE, 1, 2, ETC. 
WIND SPEED 
RATIO OF oo (0) PLOTS FOR DIFFERENT POLARIZATIONS AND FREQUENCIES 
+ 
RATIO (DB) 0 
DOWNWIND \ . UPWIND 
-2' 
PARAMETERS 
POL. = VV, HH, or HU 
= X1, X2, etc. 
ROUGHNESS = SEA STATE 1, 2, ETC. 
WIND DIRECTION = UP, DOWN AND CROSS 
FIGURE 111-6 VARIOUS RATIO PLOTS OF THE NORMALIZED RADAR BACKSCATTERING AREA 
t h e  s e c t i o n s  may n o t  have s u f f i c i e n t  independent samples s i n c e  t h e  d i s p l a y s  
a r e  r e l a t i v e  t o  t h e  e s t a b l i s h e d  average ,  
c .  Color Enhancement Formats 
Many schemes u t i l i z i n g  c o l o r ,  o r  c o l o r  shades,  t o  r e l a t e  
t o  roughness and r e f l e c t i v i t y  changes have been proposed. S ince  imagery i s  t h e  
most p r e f e r r e d  and popular  way of p re sen t ing  ERP information,  any technique  
which a p p l i e s  c o l o r  en joys  cons iderably  more a t t e n t i o n .  The u t i l i t y  of c o l o r  
enhancement of Go d a t a  remains t o  b e  adequate ly  demonstrated. 
7 .  Power S p e c t r a l  Densi ty  
i 
a. Average Doppler Spectrum Format 
The Doppler spectrum PSD is  a continuous amplitude-frequency 
p r e s e n t a t i o n .  The a n g l e  of inc idence  p o s i t i o n  i s  d i r e c t l y  r e l a t e d  t o  frequency,  
Such spectrums can be developed by a i r b o r n e  d i s p l a y s  o r  a f t e r  process ing  by 
ground-based computers. It has i ts  r e a l  v a l u e  t o  t h e  p r i n c i p a l  i n v e s t i g a t o r  i n  
showing t h e  cont inuous angu la r  spectrum ( r e f e r  t o  F igure  111-8). The t y p i c a l  
0 (8)  d i s p l a y s  a r e  genera ted  by a d i s c r e t e  process  where a c e r t a i n  number of 
0 
ang le s  of inc idence  8 a r e  s e l e c t e d  f o r  t h e  f o r e - a f t  d i r e c t i o n  of t h e  a i r c r a f t ,  i 
Comparisons wi th  s t a t i s t i c a l  a (8) p l o t s  r e q u i r e  t h a t  t h e  
0 i 
PSD b e  developed from man? sweeps which i s  equ iva l en t  t o  say ing  t h a t  t h e  nuhber 
of independent samples be  l a r g e  f o r  a good average .  Normalization is  a l s o  
necessary .  
. The development of good PSD d i s p l a y s  has  much t o  o f f e r  and 
i s  a c t u a l l y  a more r evea l ing  form than  t h e  a (8) p l o t .  The l a c k  of good spec- 
0 
trum ana lyze r s  dur ing  t h e  e a r l y  phase of s ca t t e rome t ry  made t h e  uo(0) d i s p l a y s  
more popular .  
8. Analog 
a .  S p e c t r a l  Doppler Format 
111-38 
SECTIONAL a. DISPLAYS 
AERIAL PHOTOGRAPH MOSAIC 
REGION OF INSUFFICIENT INDEPENDENT SAMPLES 
ROCKY I 
----A --- FARMLAND I 
DEVIATION FROM AVERAGE cro PLOT 
AERIAL PHOTOGRAPH MOSAIC 
MOIST LAND NORMAL MOISTURE LAND IRRIGATED LAND 
FIGURE 111-7 SECTIONAL NORMALIZED RADAR BACKSCATTERING AREAS 
111-39 
FIGURE 111-8 POWER SPECTRAL DENSITY DISPLAY (NOT AVERAGED, SINGLE SWEEP) 
The order  of p re fe rence  f o r  ERP d a t a  i s  f i r s t  imagery, 
d i s c r e t e  s i g n a l s ,  then s t a t i s t i c s .  The n a t u r a l  tendency f o r  r e s e a r c h e r s  i n  a l l  
d i s c i p l i n e s  of ERP t o  expect  d i s c r e t e  s i g n a t u r e  information i s  evidenced by 
t h e i r  r e q u e s t s  a s  t o  t h e  kinds of d a t a  d e s i r e d .  Analog rea l - t ime a s c a t t e r -  
0 
ometer d a t a  a t  a p a r t i c u l a r  ang le  of i nc idence  provides some such d i s c r e t e  
information.  Smoothing he lps  t o  remove t h e  Rayleigh fad ing  bu t  only a t  t h e  
expense of smoothing d i s c r e t e  ground f e a t u r e s .  This  method has been t e s t e d  and 
w i l l  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n s .  
b .  M u l t i s p e c t r a l  Doppler 
This  is  a n  ex tens ion  of t h e  method g iven  above where 13.3,  
1 .6  and 0.4 GHz sca t t e rome te r s  a r e  u t i l i z e d .  S ince  t h e  analog r eco rds  a r e  
synchronized i t  i s  p o s s i b l e  t o  make frequency comparisons of d i s c r e t e  s igna-  
t u r e  d a t a  a t  v a r i o u s  ang le s  of inc idence ,  F igu re  111-9. Such p l o t s  a r e  s u b j e c t  
t o  t h e  same l i m i t a t i o n s  s t a t e d  above. 
c .  Mult isensor  Format 
The need f o r  in format ion  from t h e  remote sensor  s i g n a l s  
which c o r r e l a t e s  s t r o n g l y  wi th  t h e  t e r r a i n  f e a t u r e s  being surveyed o r  managed 
has  l e d  t o  t h e  i n v e s t i g a t i o n  of a l l  p o s s i b l e  s i g n a t u r e  mechanisms and sources .  
Formatt ing and d i s p l a y  methods have most ly  u t i l i z e d  analog da t a .  
Normalized analog r e a l  t ime information from sca t t e rome te r s  , 
microwave and i n f r a r e d  rad iometers ,  photography, e t c . ,  placed on a common 
s p a t i a l  and temporal b a s i s  can be d isp layed  f o r  c o r r e l a t i o n  ana lyses .  Some 
in roads  have been made i n  t h i s  area of mu l t i s enso r  c o r r e l a t i o n s ,  more is re- 
qu i r ed  f o r  t h e  v a r i o u s  d i s c i p l i n e s  of  geology, oceanography, and o t h e r s .  
9 .  Overlays 
The need f o r  a s t anda rd ized  set of a (8,  A )  ove r l ays  of 
0 
well-defined and d i f f e r e n t  type t e r r a i n s  has  e x i s t e d  f o r  a long t i m e .  Such .a  

set of over lays  needs t o  be publ ished and should cover t h e  range 0.4 t o  50 G H z .  
No agnecy has assumed t h i s  r e s p o n s i b i l i t y  t o  d a t e ;  consequent ly t h e r e  is a n  
abundance of d i s j o i n e d  sca t t e rome te r  d a t a  from which over lays  a r e  u s u a l l y  
a t tempted .  
Other types of ove r l ays  f a l l  i n t o  a  s p e c i a l i z e d  category 
and should be  made by t h e  p r i n c i p a l  i n v e s t i g a t o r  a s  t h e  need a r i s e s .  
10 .  E r ro r  Formats 
I n v a r i a b l y  t h e  q u e s t i o n  i s  asked of how good are t h e  d a t a ?  
S ince  t h e  d a t a  a r e  most ly of a s t a t i s t i c a l . n a t u r e  t h e  answers a r e  conveyed by 
a s t r a igh t - fo rward  average v a l u e  des igna t ion .  This  s imple  answer does no t  con- 
vey t h e  complete e r r o r  p i c t u r e .  To convey t h e  goodness of t h e  d a t a  t h e  follow- 
i n g  informat ion  should be  p a r t  of t h e  above-mentioned formats:  
1. The number of independent samples used t o  o b t a i n  
t h e  average.  
2. The degree  o r  accuracy wi th  which t h a t  d a t a  were 
normalized. 
3 .  The a r e a s  over  which t h e  t e r r a i n  w a s  s t a t i s t i c a l l y  
s t a t i o n a r y  . 
4 .  .The n o i s e  f l o o r  i n  t h e  output  d a t a ,  o r  t h e  ou tpu t  
s igna l - to-noise  r a t i o .  
5 .  The e r r o r  spectrum of t h e  e n t i r e  s ca t t e rome te r  
system, and r m s  e r r o r  va lues  f o r  each s e c t i o n ,  
and a t o t a l  rss e r r o r  f o r  t h e  system. 
6. The goodness of t h e  c a l i b r a t i o n s  f o r  p r e f l i g h t  
checkout;  f o r  t h e  miss ion ,  and p o s t f l i g h t  checkout.  
TABLE 111-1 
RADAR BACKSCATTER FORMATS 
FORMAT FIG. NO. AGENCY** VARIABLES CONSTANTS PARAMETERS REMARKS 
A. Radar Backscattering Area 
Averages, Ratios, & Comparisons 
1. aO(@), Standard 111-5a, **All 8 A VV* only 
2. uo( €I), Roughness 111-5b, SC, 8 
osu 
3. uo(€I), Polarization 111-5c, MIL 
4. ao( 6) , Reflectivity 111-5c, NASA 
5. 50(~), Parameter 111-5e, NRL 
6, a ( 9 , Wavelength 111-5g, NRL 





W, HH, HV, CC 
9 
Terrain types 
*Vertical transmit, vertical receive W; Horizontal transmit, horizontal receive HH; 
Vertical transmit, horizontal receive or vice versa VH, HV; Circular transmit, circular receive, CC 
Center for Research Inc. Kansas University (CRES) 
Environmental Science Service Administration (ESSA) 
Goodyear Aircraft Corp. (GERA) 
Johns Hopkins University (JHU) 
Ohio State University (OSU) 
Naval Research Laboratory (Wash. DC) (NU) 
Manned Space Center, Houston, HASA 
Ryan Aeronautical Company (RYAN) 
Most prevalent form used to date; usually a 
single plot; number of independent samples 
used to establish plot rarely given. 
Surface roughness, as a parameter, has been 
used effectively for sea state measurements. 
Such roughness data are used for referring 
wind fields. 
For determination structures, such as the 
oceans, the return is strongly influenced by 
the polarization mode. 
The voltage reflection coefficient is found to 
be a function of the surface properties of 
conductivity, dielectric, and the frequency 
and temperature. 
The exploring wavelength filtering character- 
istics of surface roughness can be utilized 
in displaying the roughness structure. 
The wavelength effects for a particular look 
angle 9. are clearly displayed. Specularity as 
functioks of for near vertical are displayed. 
The scattering properties of various typical 
terrain types can be studied qualitatively by 
such displays. 
Table  111-1 Continued 
FORMAT FIG. NO. AGENCY** VARIABLES CONSTANTS PARAMETERS REMARKS 
B. R a t i o  P l o t s  
1. ao(Wx> /uo (VVc) etc. 111-6a, NRL 6 ,  1 w, HH Upwind, Downwind R a t i o s  a p p l i e d  t o  t h e  s tudy  of t h e  magnitudes 
of t h e  d i f f e r e n t  p o l a r i z a t i o n  modes a t  d i f f e r e n t  
wavelengths: X = X-band, C = C-band, e t c .  
2. uo Upwind/uoDownwind 111-6b, NRL e X W ,  HH, wind, speed, The cross-over p o i n t  a s  a n g l e  8 where t h e  upwind 
s e a  s t a t e ,  wave h e i g h t  over  t h e  downwind r e t u r n  becomes dominant is  
d i sp layed .  
C. S e c t i o n a l  uoPlo t s  
1. oo(B), S e c t i o n a l  
2. Dev ia t ions  










1. Average Doppler Spectrum 111-8 NASA Doppler X 
f d = &  s i n  0 
E. Analog 
1. S p e c t r a l  Doppler 
2. M u l t i s g e c t r a l ,  Doppler 
3.  Mul t i sensor  
RYAN Frequency 
111-9, RYAN t (time) 
111-9 t 8 
t 111-9, ESSA 
W ,  HH, HV 
W ,  HH, HV 
Separa te  p l o t s  r equ i red  f o r  each s t a t i s t i c a l l y  
s t a t i o n a l  s e c t i o n .  The same v a r i a t i o n  of para- 
me te r s  a s  f o r  i t em A of Table  I a r e  p a l u s i b l e .  
Dev ia t ions  i n  db from a des igna ted  t y p i c a l  u 
p l o t  from t h e  miss ion is  used a s  a b a s i s  f o r 0  
showing t e r r a i n  s i g n a t u r e  d a t a .  
w, HH, HV A r t i f i c i a l  c o l o r  enhancement has  been proposed 
t o  show t h e  s t a t i o n a r i t y  changes from t h e  
accepted average.  
See I tem 1 W ,  HH, 
e t c .  
See Item 1 8 ,  W ,  
HH, e t c .  
See Item 1, 
See Item 1 
A wel l -es tab l i shed  power Doppler spectrum (PDS) 
through long i n t e g r a t i o n  time would show cont in-  
uous angu la r  r e t u r n ,  p e r i o d i c  anomalies ,  and 
c a l i b r a t i o n  l e v e l .  
Th i s  would be  t h e  normalized rea l - t ime  analog 
s i g n a l  f o r  Bi  b e f o r e  and a f t e r  d i f f e r e n t  
degrees  of smoothing. 
A fami ly  of analog p l o t s  a t  9 w i t h  wavelengths 
Xi  as parameters  f o r  u s e  i n  ohserving wavelength 
dependence c h a r a c t e r i s t i c s .  
Th i s  is a s p e c i a l  f ami ly  of temporal ly  ad jus ted  
analog p l o t s ,  s c a t t e r o m e t e r s ,  microwave and 
i n f r a r e d  rad iomete r s ,  and temperature  mois tu re ,  
roughness,  e t c . ,  used f o r  c o r r e l a t i o n  s t u d i e s .  
Table  111-1 Continued) 
FORMAT FIG. NO. AGENCY** VARIABLES CONSTANTS PARAMETERS REMARKS 
F.. Overlays 
G ,  Support Displays  o r  Data 
1. A e r i a l  Photographs 
2. P r o f i l e s  (Elevat ion)  
a. Temperature 
b. Roughness 
c .  Moisture  
d .  D i e l e c t r i c  
3.  Isodoppler  con tours  
4. Analog-time p l o t s  




o\ 1. E r r o r ,  n  = 200 independent 
samples 




6 h See I tem 1 
A u n i v e r s a l  s e t  of a. p l o t s  f o r  t y p i c a l  and 
well-defined t e r r a i n s  needs t o  be  developed 
f o r  engineer ing a p p l i c a t i o n s .  These should 
be  made s t andard  i n  s i z e  f o r  over lay  a p p l i c a t i o n s  
Along w i t h  t h e  s e c t i o n a l  s t a t i s t i c a l  p l o t s  from 
Item D ,  suppor t  d a t a  a r e  inva luab le  i n  assess -  
ing  t h e  n a t u r e  of t h e  backsca t t e red  EM r a d i a t i o n .  
The e n t r i e s  under Item E need t o  be  s p a t i a l l y  
o r  temporal ly  i d e n t i f i e d  o r  ad jus ted  t o  be  
u s e f u l  f o r  a n a l y s i s  purposes by t h e  p r i n c i p a l  
i n v e s t i g a t o r .  E leva t ion  p r o f i l e s  of tempera- 
t u r e ,  mois tu re ,  e t c . ,  a r e  impera t ive  f o r  
e s t a b l i s h i n g  s i g n a t u r e s  f o r  t h e  v a r i o u s  
d i s c i p l i n e s  being s t u d i e d .  
The goodness of t h e  d a t a  needs t o  b e  e s t a b l i s h e d  
f o r  each s t a t i s t i c a l  s e c t i o n  and t h e  number of  
independent samples which were a v a i l a b l e  f o r  
each s e c t i o n .  
I V .  SCATTEROMETER DATA PROCESSING REQUIRENENTS 
This  s e c t i o n  of t h e  r e p o r t  d i s c u s s e s  t h e  fundamental s t e p s  t h a t  must be 
taken  when processing d a t a  from a fan-beam CW Doppler s ca t t e rome te r .  Although 
i t  i s  w i t h i n  t h e  s t a t e  of t h e  a r t  t o  completely process  s ca t t e rome te r  d a t a  i n  
r e a l  o r  psuedo r e a l  t ime, a l b e i t  a t  t h e  c o s t  of a  r e l a t i v e l y  l a r g e  and versa-  
t i l e  a i r b o r n e  d i g i t a l  computer, t h e  p roces ses  which w i l l  be  d i scussed  can  be 
accomplished, i n  r e a l  t ime,  us ing  e x i s t i n g  techniques without  r e s o r t i n g  t o  such 
a  computer. 
The d a t a  must f i r s t  be placed i n t o  a form amenable t o  t h e  necessary  pro- 
ce s s ing  s t e p s ,  e .g . ,  f o r  homodyne systems ( t h e  mixing of a  rece ived  s i g n a l  wi th  
another  s i g n a l  a t  t h e  same frequency)  t h e  r e t u r n  spectrum must be unfolded 
about  a c a r r i e r .  Next, t h e  d a t a  must b e  opera ted  on i n  a  manner t h a t  l e a d s  t o  
t h e  s o l u t i o n  of t h e  r a d a r  range equa t ion  f o r  o . This c o n s i s t s  of ang le  of  in- 
0 
c idence  f i l t e r i n g ,  normalizing,  smoothing, and recording of t h e  d a t a .  F i n a l l y ,  
t h e  d a t a  must be s p a t i a l l y  ad jus t ed  so  t h a t  c o r r e l a t i o n  wi th  a e r i a l  photographs, 
ground-truth d a t a ,  e t c . ,  may be most e a s i l y  accomplished. 
A.  SPECTRUM UNFOLDING (DIRECTION-SENSING) 
Homodyne sca t t e rome te r  systems (e .g . ,  t h e  Teledyne Ryan sca t t e rome te r s )  
a r e  systems t h a t  t r a n s l a t e  t h e  frequency of t h e  r e t u r n  RF energy t o  a n  I .F.  of 
ze ro  frequency ( ~ e r t z ,  Hz). The r e t u r n  s p e c t r a  a r e  not  d i r e c t l y  u seab le  i n  t h i s  
form s i n c e  t h e  information from t h e  forward and a f t  po r t i ons  of t h e  antenna 
beam are combined o r  fo lded  on top  one another  ( r e f e r  t o  F igure  IV-1). Unfold- 
i n g  t h e  spectrums i s  a  d a t a  processing requirement .  
The d i rec t ion-sens ing  o r  spectrum unfolding process  is merely one of 
r e i n s e r t i n g  an I .F .  i n  a  manner t h a t  w i l l  p rovide  a  r e p l i c a t i o n  of t h e  spectrum 
e n t e r i n g  t h e  antenna. The c a p a b i l i t y  of  d i rec t ion-sens ing  r e q u i r e s  two output  
s i g n a l  l i n e s  from t h e  sca t t e rome te r  t h a t  a r e  i n  a  time quadra ture  phase r e l a t i o n -  
s h i p  t o  each o the r .  
The important p o i n t s  i n  d i rec t ion-sens ing  a r e ;  ( I )  t h e  quadra tu re  
phase r e l a t i o n s h i p  must be  maintained f o r  each s p e c t r a l  component and (2) t h e  
g a i n  of each s i g n a l  l i n e  f o r  the quadratuare p a i r  m u s t  be i d e n t i c a l .  Both re- 
quirements  must be met i n  o rde r  t o  completely and accu ra t e ly  s e p a r a t e  f o r e  and 
a f t  information.  
A d e t a i l e d  math model of t h e  d i r ec t ion - sens ing  func t ion  i s  included i n  
Appendix D. 
B. ANGLE OF INCIDENCE FILTERING 
The sca t t e rome te r  ou tpu t s  a r e  spectrums s i m i l a r  t o  t h a t  depic ted  ( a f t e r  
r e i n s e r t i o n  of t h e  I .F . )  i n  F igure  IV-2a. The spectrums r ep resen t  b a c k s c a t t e r  
information from t h e  r eg ion  depic ted  i n  F igure  IV-2b. 
Processing of d a t a  from a sca t t e rome te r  t h a t  u t i l i z e s  a  f a n  beam antenna  
r e q u i r e s  s e p a r a t i o n  of t h e  d a t a  i n t o  elements  t h a t  correspond t o  d i s c r e t e  
inc idence  ang le s  ( r e c a l l  t h a t  a i s  a f u n c t i o n  of t h e  ang le  of inc idence) .  
0 
/ FOLDED OVER 
SPECTRUM AT OUTPUT 
OF SCATTEROMETER 
(b) 
EIOMODYNE SCATTEXOMETER SPECTRA 
Figure  I V - 1  
RETURN SPECTRUM TRANSLATED TO fIF 
(a) 
REPRESENTATION OF ANTENNA PATTERN 
ANTENNA PATTERN AFlD RETURN DOPPLER SPECTRW 
Figure IV-2 
IV-3 
To s e p a r a t e  t h e  p o r t i o n  of t h e  energy from t h e  spectrum t h a t  r e p r e s e n t s  
a g iven  inc idence  ang le  r e q u i r e s  t h a t  a narrow band f i l t e r  be placed i n  t h e  
spectrum about t h e  c e n t e r  frequency t h a t  i s  r e l a t e d  t o  t he  g iven  a n g l e  ( r e f e r  
t o  F igu re  IV-3). The r e l a t i o n s h i p  i s  de f ined  by 
(IV-1) f d  = 2v S i n  ec* 
-
X 
where X i s  t h e  t r ansmi t t ed  wavelength 
v . i s  t h e  ground v e l o c i t y  
8 Jc i s  t h e  i n c i d e n t  ang le  r e l a t e d  t o  t h e  c e n t e r  f requency of t h e  
C 
f i l t e r .  
NARROW BEAM ANTENNA ANALOGY 
Figure  I V - 3  
An i n v e s t i g a t i o n  of equat ion  (IV-1) i n d i c a t e s  t h a t  t h e  doppler  frequency 
r e l a t e d  t o  a  p a r t i c u l a r  i n c i d e n t  ang le  v a r i e s  as a func t ion  of a i r c r a f t  v e l o c i t y .  
I n  o rde r  t o  provide  o in format ion  a t  f i x e d  i n c i d e n t  ang le s ,  t h e  c e n t e r  £re-  
0 
quencies  f  of t h e  doppler  f i l t e r s  (Af ) must t r a c k  changes i n  a i r c r a f t  velo-  IF  d 
c i t y .  The a n g l e  of i nc idence  f i l t e r s  a l s o  d e f i n e  t h e  b a s i c  s p a t i a l  r e s o l u t i o n  
of t h e  sca t t e rome te r  sys t en .  Assuming c e l l  s h e s  of sma l l  angular  e x t e n t ,  t h e  
bandwidth i s  
Where Ay* has  been s u b s t i t u t e d  f o r  A 8 *  and r e p r e s e n t s  t h e  e f f e c t i v e  along- 
t r a c k  beamwidth due t o  t h e  doppler  f i l t e r .  
I n v e s t i g a t i o n  of equat ion  ( IV-2)  shows t h a t  f o r  a cons tan t  c e l l  s i z e  ( a t  
a  f i x e d  a l t i t u d e ) ,  t h e  bandwidth of t h e  doppler  f i l t e r s  should vary  d i r e c t l y  
w i t h  t h e  a i r c r a f t  v e l o c i t y .  
The r a d a r  s c a t t e r e d  r e t u r n  from t h e  s u r f a c e  of t h e  e a r t h  i s  desc r ibed  by 
a t h e  normalized backsca t t e r ing  a r e a  (c ross -sec t ion)  per  u n i t  a r e a .  This  co- 
o  ' 
e f f i c i e n t  is  de f ined  t o  be  independent of t h e  parameters of t h e  r a d a r  system 
(beamwidth, p u l s e  width,  e t c . ) ,  and t h e  f l i g h t  c h a r a c t e r i s t i c s  ( v e l o c i t y ,  
a l t i t u d e ,  a t t i t u d e ,  e t c . )  of t h e  v e h i c l e  t h e  system is opera ted  from. Normal- 
i z a t i o n  of t h e  r e t u r n  s i g n a l  i s  r equ i r ed  t o  ach ieve  a  s i g n a l  p ropor t iona l  t o  a . 
0 
The equat ion  f o r  t h e  r e t u r n  power d e n s i t y ,  S ( f ) ,  of a  CW doppler  s c a t t e r -  
ometer may be  w r i t t e n  a s  (assuming no r o l l ,  p i t c h ,  o r  d r i f t  components*); 
where 2 (4x1 = Constant 
X = Wavelength 
~ ~ ( y ' , h ' )  = Transmit antenna p a t t e r n  func t ion  
G ~ ( + ' , A ' )  = Receive antenna p a t t e r n  f u n c t i o n  
B = Transverse beamwidth 
BW = Doppler bandwidth 
Pt 
= Transmit ted Power 
V = Ground Ve loc i ty  
g 
h = A l t i t u d e  
*See Appendix f o r  t h e  g e n e r a l  form of equat ion .  
Solving equat ion  (IV-3) f o r  a y i e l d s  
0 
Normalizing t h e  r a d a r  r e t u r n  s i g n a l  i s  equ iva l en t  t o  so lv ing  equat ion  
(IV-3). Each of t h e  parameters  i n  equat ion  (IV-4) i s  used a s  a  c i r c u i t  func- 
t i o n  t o  ope ra t e  on t h e  r a d a r  r e t u r n  s i g n a l  i n  o rde r  t o  e f f e c t  a  s o l u t i o n  t o  t h e  
equat ion .  
I m p l i c i t  i n  t h e  normalizing f u n c t i o n  i s  t h e  process  of d e t e c t i o n .  The 
r a d a r  r e t u r n  s i g n a l  is converted t o  a  s lowly vary ing  d c  v o l t a g e  t h a t ,  a f t e r  pro- 
ce s s ing  and normal iza t ion ,  r e p r e s e n t s  0 . 
0 
D. DATA SMOOTHING 
The r ada r  r e t u r n  s i g n a l s  from a l a r g e  p o r t i o n  of t h e  e a r t h s  s u r f a c e  can  
be  c l a s s i f i e d  a s  random s i g n a l s  t h a t  have a Rayleigh ampli tude d i s t r i b u t e d  en- 
ve lope .  I n  o rde r  t o  e s t a b l i s h  t h e  average v a l u e  of t h e  d e t e c t e d  r e t u r n  s i g n a l ,  
t h e  d a t a  must be smoothed o r  averaged f o r  s u i t a b l e  l e n g t h - o f  t i m e .  
The accuracy ( ignor ing  f o r  t h e  moment t h e  probably inaccu rac i e s  of t h e  
sca t t e rome te r )  of O. d a t a  i s  a f u n c t i o n  of t h e  number of independent samples 
0 
a v a i l a b l e  pe r  r e s o l u t i o n  c e l l .  The number of independent samples a v a i l a b l e  can  
b e  shown t o  be  r e l a t e d  t o  t h e  s i g n a l  bandwidth t h a t  r e p r e s e n t s  a  r e s o l u t i o n  
c e l l  and t h e  amount of t ime t h e  d a t a  can  b e  averaged (smoothed). 
Once t h e  s i g n a l  bandwidth is chosen, ' the accuracy of t h e  d a t a  i s  dependent 
upon t h e  l e n g t h  of t ime a v a i l a b l e  t o  average o r  smooth t h e  d a t a .  The t i m e  
a v a i l a b l e  f o r  d a t a  smoothing ( i n  rea l - t ime)  i s  dependent upon s p a t i a l  r e s o l u t i o n  
requi rements ,  t h e  sampling r a t e  f o r  d a t a  mu l t ip l ex ing ,  e t c .  Data smoothing may 
b e  accomplished dur ing  d a t a  c o l l e c t i o n  and/or  dur ing  p o s t - f l i g h t  processing.  
E. RECORDING 
The information t h a t  i s  e x t r a c t e d  from t h e  sca t t e rome te r  r e t u r n  s i g n a l  is  
IV-6 
even tua l ly  i n  t h e  form of changes i n  v o l t a g e  amplitude. 
Recording of d a t a  may t a k e  many forms, a l though t h e  most common is  mag- 
n e t i c  t a p e  record ing .  Magnetic t a p e  r e c o r d e r s  can be a  major and s e r i o u s  s o u r c e  
of e r r o r  when ampli tude informat ion  must be  preserved wi th  a high degree  of 
accuracy.  
Many of t h e  most s e r i o u s  e r r o r s  may b e  overcome i f  t h e  ampli tude informa- 
t i o n  i s  f i r s t  converted t o  some o t h e r  form such as frequency d e v i a t i o n  o r  d i g i t a l  
codes. 
I?. SPATIAL ADJUSTMENT AND CORRELATION 
An important  a s p e c t  of process ing  t h e  d a t a  i s  t o  p l a c e  i t  i n t o  a  u s e a b l e  
format such as a o PSD, o r  rea l - t ime analog p l o t .  A u seab le  format means 
0 ' 
t h a t  t h e  use r  can e a s i l y  o b t a i n  informat ion  about  t h e  s u r f a c e  c h a r a c t e r i s t i c s  
as i t  r e l a t e s  t o  h i s  s p e c i a l  a r e a  of geoscience o r  o t h e r  f i e l d  of remote sens ing .  
The importance of c o r r e l a t i o n  wi th  o t h e r  remote sensor  d a t a  t o  e s t a b l i s h  s igna-  
t u r e s  about  t h e  viewed land  o r  s e a  s u r f a c e  r e q u i r e s  s p a t i a l l y  and tempora l ly  
a d j u s t e d  formats  f o r  a l l  t h e  senso r s :  s ca t t e rome te r s ,  i n f r a r e d  imagery, photo- 
graphy and o t h e r s .  
For example, a d j u s t i n g  t h e  l o c a t i o n  of t h e  ground c e l l s  t o  account  f o r  
changes i n  a i r c r a f t  a t t i t u d e  i s  r equ i r ed  t o  permit  c o r r e l a t i o n  of s c a t t e r o m e t e r  
d a t a  w i t h  photographs and ground-truth d a t a .  S p a t i a l  adjustment  involves  coord- 
i n a t e .  t ransformat ion ,  geographica l  l o c a t i o n ,  .and r e c t f i c a t i o n .  
G. DATA VERIFICATION 
A s t e p  t h a t  i s  i m p l i c i t - . i n  d a t a  r educ t ion  is  t h e  v e r i f i c a t i o n  of  t h e  d a t a .  
P r i o r  t o ,  o r  concurren t  w i th ,  t h e  process ing  of s ca t t e rome te r  d a t a ,  t h e  q u a l i t y  
of t h e  d a t a  must be  determined t o  e l imina te  t h e  waste  of money incu r red  by 
process ing  bad d a t a .  
The d a t a  v e r i f i c a t i o n  techniques now i n  u s e  a t  NASAIMSC c o n s i s t  of making 
power s p e c t r a l  d e n s i t y  (PSD) and t ime-his tory (TH) p l o t s  of s e l e c t e d  p o r t i o n s  
of t h e  recorded d a t a .  The PSD p l o t s  provide  t h e  oppor tuni ty  t o  d e t e c t  anamolies  
i n  t h e  frequency-domain wh i l e  t h e  TH p l o t s  permit  d e t e c t i o n  of anamolies i n  
t h e  time-domain. Some of t h e  anamolies t h a t  may be discovered a r e :  
* Excessive n o i s e  l e v e l s  due t o  improper system adjustment  
Noise s p i k e s  due t o  t h e  a i r c r a f t  power s u p p l i e s  
P r o p e l l e r  modulat ion 
I n t e r f e r e n c e  from o t h e r  a c t i v e  systems, e .g . ,  r a d a r s ,  beacons, 
t ransponders ,  etc. 
Improper o p e r a t i o n  of t h e  sca t t e rome te r  systems 
Human e r r o r s  i n  ope ra t ing  t h e  systems.  
The weakness i n  t h e  e x i s t i n g  d a t a  v e r i f i c a t i o n  technique l ies i n  t h e  
f a c t  t h a t  a  f u n c t i o n a l  f l i g h t  t e s t  must be made p r i o r  t o  t h e  miss ion  and t h e  
c o l l e c t e d  sca t te rometer  d a t a  must b e  checked a t  t h e  MSC f a c i l i t i e s .  Ve r i f i ca -  
t i o n  of t h e  mission d a t a  must a l s o  be  accomplished a f t e r  t h e  d a t a  ga the r ing  
miss ion  i s  completed and t h e  d a t a  t a p e s  r e tu rned  t o  MSC. E n t i r e  mi s s ions  may 
b e  flown, a t  cons ide rab le  expense, w i th  only a  p o s t e r i o r i  knowledge of t h e  
q u a l i t y  of t h e  d a t a .  
I d e a l l y ,  t h e  q u a l i t y  of t h e  d a t a  should b e  i n f e r r e d  i n  r e a l  t ime t o  permit  
c o r r e c t i o n s  t o  be made whi le  i n  f l i g h t .  Real-time d a t a  v e r i f i c a t i o n ,  then ,  
must b e  a  system requirement.  
The purpose of Cont rac t  NAS9-9723 has  been t o  d e f i n e  a f e a s i b l e  
Sca t te rometer  Data Preprocess ing  System. The emphasis of t h e  program h a s  
been upon t h e  d e f i n i t i o n  of f u n c t i o n s  t h a t  could b e n e f i c i a l l y  be  inc luded  
as p a r t  of a sca t t e rome te r  d a t a  preprocessor .  The b a s i c  philosophy of  
t h e  program has  been t h e  development of a system t h a t  w i l l  p rovide  s i g n i f i c a n t  
t ime and money savings  f o r  NASA i n  t h e  r educ t ion  and process ing  of s c a t t e r -  
ometer da t a .  
I n  t h i s  s e c t i o n  of t h e  r e p o r t ,  a g e n e r a l  d i scuss ion  of t h e  system and 
i t s  c h a r a c t e r i s t i c s  w i l l  b e  given,  followed by; (1) a d i scuss ion  of c e r t a i n  
i t ems  t h a t  r equ i r ed  s p e c i a l  cons ide ra t ion ,  (2) a d e t a i l e d  d e s c r i p t i o n  of t h e  
system, (3)  a d e t a i l e d  set of system and subsystem s p e c i f i c a t i o n s ,  (4) a 
thorough e r r o r  a n a l y s i s  of t h e  s c a t t e r o m e t e r s  and d a t a  preprocessor ,  and  
f i n a l l y  (4) recommended changes i n  t h e  NASA sca t t e rome te r  d a t a  a n a l y s i s  
computer programs. 
A. SYSTEM OVERVIEW 
The Sca t te rometer  Data PreproCessing System def ined  as a r e s u l t  
of c o n t r a c t  NAS9-9723 w i l l  provide sca t t e rome te r  d a t a  t h a t  is  h i g h l y  r e l i a b l e ,  
80% processed,  and t h a t  w i l l  p rovide  s i g n i f i c a n t  c o s t  and t ime sav ings  t o  
NASA i n  t h e  r educ t ion  of s ca t t e rome te r  da t a .  
Data r e l i a b i l i t y  i s  improved i n  a twofold manner; (1) t h e  d a t a  
can  b e  monitored dur ing  t h e  miss ion  thus  permi t ing  t h e  ope ra to r  t h e  o p t i o n  
of c o r r e c t i n g  a f a u l t  o r ,  i f  necessary ,  a b o r t i n g  a f l i g h t  miss ion ,  and (2) 
t h e  processed d a t a  i s  d i g i t i z e d  p r i o r  t o  record ing ,  thus  e l imina t ing  many 
of  t h e  e r r o r s  a s s o c i a t e d  wi th  record ing ,  reproducing,  and dubbing d a t a  tapes .  
Table V-1 d e p i c t s  t h e  process ing  s t e p s ,  now being accomplished a t  t h e  
MSC computer f a c i l i t i e s  t h a t  w i l l  b e  reduced o r  e l imina ted  by rea l - t ime 
process ing  u t i l i z i n g  t h e  Sca t te rometer  Data Preprocessing System. The pro- 
ce s s ing  time considered i n  t h e  t a b l e  does no t  inc lude  s e t u p  time, d e l a y s  
due t o  p r i o r i t i e s ,  t h e  t i m e  r equ i r ed  t o  t r a n s f e r  tapes  and informat ion  between 
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7. Compute and Plot PSD's 100% 
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PERCENT OF TOTAL 
PROCESSING TIME 
The information given in Table V-2 represents NASA's projected 
computer utilization for reducing the data from the 13.3 GHz single-polar- 
ization scatterometer during fiscal 1970. The expected computer costs 
when utilizing the Scatterometer Data Preprocessing System are depicted in 
Table V-3. The savings realized when using the Preprocessing system with 
different combinations of scatterometers are given in Table V-4. 
TABLE V-2 
COMPUTER TIME/COST INFORMATION* 
Conversion 
Decomm. ASQ-90 33-1/3%=100 H r s .  
5% = 32.5 H r s .  
D i g i t a l  F i l t e r i n g  & 60% = 390 H r s .  
D i r e c t i o n  Sensing 
Tab/Plot  Vol tage  5% = 32.5 H r s .  
P rocess  G/N Data 4% = 26 H r s .  
Tab G/N; Compute 3% = 19.5 H r s .  
Time Table  
20% = 130 H r s .  
3% = 19.5 H r s .  
100% = 300 H r s .  100% = 650.0 H r s .  
* P r o j e c t e d  F i s c a l  1970 F igu re s  f o r  S ing le '  P o l a r i z e d  13.3 GHz System 
TABLE V-3 
COMPUTER TIME/COST INFORMATION 
UTILIZING DATA PREPROCESSING SYSTEM 
Decomm. S c a t t e r -  loo%= 100 HOURS 
ometer Data 
D i g i t a l  F i l t e r i n g  & 
D i r e c t i o n  Sensing 
Tab/Plot  Voltage 
Process  G I N  Data 21.1% = 10 Hours 
Tab G/N;  Compute 
Time Table 
30.8% = 14.5 Hours 
21.1% = 10 Hours 
TABLE V-4 
EXPECTED SAVINGS IN COMPUTER TIME (ANNUAL) 
'COSTS ESTIMATED FROM INFORMAITION SUPPLIED BY NASA 
1.6 GHz & 0.4 GHz 
13.3 GHz Dual & 




13.3 GHz S i n g l e  107,000 
13.3 GHz Dual 189,000 
I 1.6 GHz 121,000 











Addi t iona l  sav ings  t h a t  are d i f f i c u l t  t o  put  d o l l a r  va lues  on w i l l  b e  
r e a l i z e d .  For example, more r e l i a b l e  d a t a  w i l l  decrease  t h e  n e c e s s i t y  of 
r e p e a t i n g  miss ions ,  redubbing t a p e s ,  e t c .  This  i n  t u r n  reduces t h e  c o s t  of 
f l i g h t  ope ra t ions  and t h e  c o s t s  i n c u r r e d  when r epea t ing  any of t h e  process ing  
s t e p s .  
The Preprocessor  c o n s i s t s  of f i v e  major subsystems, each o f  which 
accomplish one o r  more of t h e  r equ i r ed  process ing  func t ions  d i scussed  i n  
Sec t ion  I V .  The sca t t e rome te r  d a t a  i s  unfolded about a n  I.F., f i l t e r e d  a t  
f i v e  inc idence  ang le s  ( f o r e  and a f t ) ,  normalized, de t ec t ed ,  and smoothed. 
The processed d a t a  i s  mul t ip lexed ,  d i g i t i z e d ,  and format ted  i n t o  
a PCM code f o r  recodding on t h e  GFE t a p e  recorder .  The processed d a t a  may 
a l s o  b e  d i sp l ayed  i n  real- t ime as sigma-zero ve r sus  i n c i d e n t  ang le  o r  
sigma-zero v e r s u s  d is tance-h is tory .  
The f i v e  subsystems of t h e  Preprocessor  a r e ;  (1) Analog Processor ,  
(2) PCM, (3)  Display,  (4) Data v e r i f i c a t i o n ,  and (5) Frequency-Division 
Mul t ip lexer .  The system i s  dep ic t ed  i n  Drawing No. SK742B1001 and each sub- 
system is  b r i e f l y  descr ibed  below. 
1. Analog Processor  Subsystem 
I n  t h i s  u n i t  t h e  doppler  spectrums a r e  unfolded about an  ; 
i n t e rmed ia t e  frequency (I .F.)  and t h e  spectrums a r e  f i l t e r e d  a t  f r equenc ie s  
r e p r e s e n t i n g  predetermined i n c i d e n t  angles .  The d a t a  a t  t h e  f i l t e r  o u t p u t s  
a r e  then  normalized, de t ec t ed ,  and smoothed p r i o r  t o  e n t e r i n g  t h e  PCM 
Subsys tem. 
Each sca t t e rome te r  spectrum is f i l t e r e d  i n t o  t e n  i n c i d e n t  
ang le s ,  f i v e  i n  t h e  forward beam and f i v e  i n  t h e  a f t  beam. F i l t e r i n g  is  
accomplished by t r a n s l a t i n g  t h e  informat ion  a t  t h e  d e s i r e d  i n c i d e n t  a n g l e  t o  
zero  h e r t z  and sepa ra t ing  t h e  d e s i r e d  d a t a  by three-sec t ion  RC lowpass f i l t e r s ,  
Normalization f o r  t h e  r a t i o  of t h e  t r ansmi t t ed  power t o  t h e  
rece ived  power, f o r  v e l o c i t y ,  f o r  a l t i t u d e ,  and f o r  s ca t t e rome te r  g a i n  
changes is accomplished on  t h e  e n t i r e  spectrum p r i o r  t o  f i l t e r i n g .  The 
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remaining parameters a r e  corrected a f t e r  f i l t e r i n g  s i n c e  most of them a r e  a 
funct ion of inc ident  angle,  
The da ta  i s  full-wave r e c t i f i e d  followed by smoothing with 
simple RC lowpass f i l t e r s .  
2. PCM Subsystem 
The PCM Subsystem provides t h e  funct ions  of multiplexing, 
d i g i t i z i n g ,  and formatt ing t h e  processed scat terometer  d a t a  f o r  recording on 
t h e  GFE tape  recorder. 
The PCM output includes t h e  encoded analog data ,  se lec ted  por t ions  
of t h e  ADAS data ,  and t h e  necessary houselceeping functions from each s c a t t e r -  
ometer (pos i t ion  of land/sea switch, t ransmit ted  po la r i za t ion ,  gain swi tch  
pos i t ions ,  angle frequency generator  codes, d a t a  v e r i f i c a t i o n  information, and 
scat terometer  s t a t u s  information). 
The da ta  and housekeeping words a r e  read out  asynchronously t o  
provide an automatical ly v a r i a b l e  frame s i z e .  The frame s i z e  is a funct ion 
of t h e  scat terometers being used during a p a r t i c u l a r  mission. 
Each word c o n s i s t s  of t en  da ta  b i t s ,  one annotation b i t ,  
and two con t ro l  b i t s .  The da ta  is  converted t o  Bi-phase L form p r i o r  t o  
recording. The Bi-phase L format permits  recording of d i g i t a l  d a t a  i n  
a self-clocking form, i.e., without t h e  necess i ty  of recording a timing s i g n a l  
on an adjacent  tape  channel. 
A real-time monitor is  provided t o  permit t h e  operator  t o  
s e l e c t  and monitor any of t h e  d i g i t a l  words i n  binary form. A c a l i b r a t i o n  
word i s  included a s  p a r t  of t h e  PCM t o  permit v e r i f i c a t i o n  of proper opera t ion,  
- 3.  Display Subsystem 
The purpose of t h e  Display Subsystem is t o  provide an i n v e s t i g a t o r  
wi th  t h e  capab i l i ty  of viewing processed scat terometer  da ta  i n  r e a l  t i m e .  
The system can s imul taneous ly  d i s p l a y  up t o  e i g h t  d a t a  curves  i n  any comb- 
i n a t i o n  of sigma-zero ve r sus  i n c i d e n t  a n g l e  and sigma-zero ve r sus  d i s t ance -  
h i s  to ry .  
I n  a d d i t i o n ,  t h e  Display Subsystem has  t h e  c a p a b i l i t y  of  super- 
imposing a n  image of t h e  t e r r a i n ,  d a t a  from o t h e r  s enso r s ,  o r  n o t a t i o n a l  d a t a  
upon t h e  sca t t e rome te r  d a t a  being d i sp l ayed  through t h e  use  of a  t e l e v i s i o n  
camera and monitor.  During f u n c t i o n a l  t e s t  f l i g h t s  over  known t e r r i t o r y ,  
t h e  d isp layed  d a t a  can  b e  compared w i t h  p rev ious ly  c o l l e c t e d  d a t a  as an 
, 
a d d i t i o n a l  d a t a  v e r i f i c a t i o n  technique.  A l l  of t h e  information d isp layed  
upon t h e  t e l e v i s i o n  monitor  is  recorded on a  v ideo  t a p e  recorder .  
The Data V e r i f i c a t i o n  Subsystem provides  t h e  ope ra to r  w i t h  r e a l -  
t ime informat ion  concerning t h e  s t a t u s  o f ;  (1) t h e  system n o i s e  f i g u r e ,  (2) 
t h e  c a l i b r a t i o n  s i g n a l s ,  (3) t h e  l i n e a r i t y  of t h e  system, ( 4 )  t h e  system 
ga in  s e t t i n g s ,  and (5) t h e  PCM Subsystem. 
The system n o i s e  f i g u r e  and t h e  c a l i b r a t i o n  s i g n a l s  are monitored 
as a r a t i o ;  i.e., 
The d e t e c t e d  c a l i b r a t i o n  s i g n a l  
A d e t e c t e d  n o i s e  f l o o r  s i g n a l  
Th i s  r a t i o  should remain e s s e n t i a l l y  cons t an t  when t h e  system i s  ope ra t ing  
c o r r e c t l y .  A change i n  t h e  r a t i o  of more. than  - + 1 / 2  db w i l l  cause a warning 
l i g h t  t o  go on and code word t o  be  i n s e r t e d  i n ' t h e  d a t a s t r e a m .  
Linear  o p e r a t i o n  of t h e  s c a t t e r o m e t e r s  i s  monitored wi th  t h e  u s e  
of th reshold  d e t e c t o r s .  I f  one of t h e  s c a t t e r o m e t e r s  approaches s a t u r a t i o n ,  a 
warning l i g h t  f l a s h e s  and a code word is added t o  t h e  d a t a  stream. 
A p r e c i s i o n  v o l t a g e  i s  app l i ed  t o  t h e  i n p u t  of t h e  PCM 
Subsystem which, i n  conjunct ion  wi th  t h e  monitor ,  p rovides  a c a l i b r a t i o n  and 
o p e r a t i o a a l  check of t h e  PCM. 
The Display Subsystem is  a l s o  u s e f u l  i n  terms of  d a t a  v e r i f i c a t i o n ,  
Unusual s l o p e s  o r  d i s c o n t i n u i t i e s  i n  t h e  go curves w i l l  imply improper ope ra t ion  
of a p a r t i c u l a r  s i g n a l  l i n e .  
5. Freguency.-Division Mul t ip l exe r  Subsystem 
The f u n c t i o n  of t h e  Frequency-Division Mul t ip lexer  (FDM) is t o  
p l a c e  a l l  of  t h e  unprocessed sca t t e rome te r  d a t a  onto one channel  of  t h e  on- 
board t a p e  recorder .  The FDM then  provides  a source  of backup d a t a .  
The FDM con ta ins  a n  o s c i l l a t o r ,  harmonic gene ra to r ,  s ing le -  
s ideband modulators (balanced modulators  f o r  t h e  400 MHz system),  and a 
summing amplif ier . '  
A l l  o f  t h e  spectrums are cen te red  around s u b c a r r i e r s  of  d i f f e r e n t  
f r equenc ie s  and then  summed t o g e t h e r  a t  t h e  summing ampl i f i e r .  The r e f e r e n c e  
o s c i l l a t o r  frequency (448 KHz) i s  inc luded  as p a r t  of t h e  output  d a t a  t o  
permit  demul t ip lex ing  r e g a r d l e s s  of  t a p e  speed v a r i a t i o n s .  
B,  DESIGN CONSIDERATIONS 
During t h e  course  of d e f i n i n g  t h e  Sca t te rometer  Data Preprocess ing  
System, s e v e r a l  d e c i s i o n s  were made concerning t h e  des ign  of  t h e  system. I n  
t h e  fo l lowing  s e c t i o n  of t h i s  r e p o r t ,  t h e  b a s i s  f o r  t h e  d i r e c t i o n s  taken  are 
d i scussed  i n  d e t a i l .  
1. Angle of Inc idence  F i l t e r  Loca t ions  
The primary purpose of f i l t e r i n g  t h e  spectrum f o r . p a r t i c u l a r  
i n c i d e n t  ang le s  i n  rea l - t ime is  t o  reduce  t h e  amount of  d a t a  t h a t  must be 
processed.  
The number o f  f i l t e r s  used and t h e i r  l o c a t i o n  was governed by 
t h e  cons ide ra t ion  of two f a c t o r s ;  (1) t h e  minimum number p o i n t s  r e q u i r e d  t o  
s a t i s f a c t o r i l y  d e f i n e  t h e  sigma-zero v e r s u s  i n c i d e n t  a n g l e  curve and (2) 
t h e  maximum number of d a t a  l i n e s  t h a t  can economically be mult iplexed 
toge ther .  
From Teledyne Ryan's exper ience  i n  reducing sca t t e rome te r  d a t a ,  
i t  has  been found t h a t  f i v e  p o i n t s  (on each s i d e  of  n a d i r )  i n  t h e  v i c i n i t y  
of 5O, 15O, 30°, 45O, and 5S0, w i l l  completely desc r ibe  t h e  sigma-zero curve.  
P o i n t s  r e p r e s e n t i n g  t h e  chosen i n c i d e n t  angles  were picked from published 
sigma-zero curves.  These p o i n t s  were used t o  determine t h e  c o e f f i c i e n t s  of a 
l ea s t - squa res  f i t ,  four th-order  polynomial desc r ib ing  t h e  curve. The r e s u l t i n g  
equat ion  was used t o  s o l v e  f o r  p o i n t s  a t  in t e rmed ia t e  va lues  of i n c i d e n t  
ang le s  ( l o 0 ,  22.5', 37,5O, 50°, and 60'). The curve determined by t h e  equat ion  
f o r  t h e  in t e rmed ia t e  p o i n t s  matched t h e  o r i g i n a l  sigma-zero wi th  an  e r r o r  of  
less than  0.3 db ( r e f e r  t b  F igu re  V-1). From t h e  above, and s i n c e  t h e  sigma- - 
ze ro  curve  i s  a monotonical ly  decreas ing  curve,  f i v e  d a t a  p o i n t s  a r e  deemed 
s u f f i c i e n t .  
Occass iona l ly  one o r  more of  t h e  f i l t e r s  used t o  d e f i n e  t h e  sigma- 
ze ro  curve  may l i e  on t o p  of a n  anamoly, e.g., i n t e r f e r e n c e  s i g n a l s .  I n  o r d e r  
t o  avoid a problem of t h i s  s o r t ,  t h e  f i l t e r s  can b e  d i s c r e t e l y  s tepped down, 
i n  frequency, by 10%. 
The maximum number of spectrums t h a t  w i l l  be  processed w i t h  t h e  
recommended system i s  e i g h t .  With t e n  f i l t e r s  i n  each spectrum, a t o t a l  of 
80 l i n e s  must be  mul t ip lexed  toge ther .  Each a d d i t i o n a l  f i l t e r  would add con- 
s i d e r a b l e  complexity t o  t h e  system. For example, t h e  Angle Frequency Generators  
would become more complex and a d d i t i o n a l  mixers ,  f i l t e r s ,  a m p l i f i e r s ,  and : 
d e t e c t o r s  would b e  r equ i r ed  f o r  each new po in t .  A t o t a l  o f  t e n  f i l t e r  p o s i t i o n s  
1 
pe r  spectrum i s  an  optimum number, 
2. F i l t e r  Bandwidths 
The o b j e c t i v e  has  been t 6  provide  t h e  p r i n c i p a l  i n v e s t i g a t o r  w i t h  
d a t a  t h a t  has  s p a t i a l  r e s o l u t i o n  comparable t o  what is  now provided, y e t  w i th  
t h e  f l e x i b i l i t y  necessary  f o r  de te rmina t ion  of t h e  mean va lue  of ro t o  any 
l e v e l  of confidence.  The fol lowing d i scuss ion  w i l l  cover t h e  e f f e c t s  of t h e  
f i l t e r s  upon t h e  da t a ,  a d e s c r i p t i o n  of t h e  f i l t e r i n g  approach now i n  use ,  and 
a d e s c r i p t i o n  of  t h e  approach suggested f o r  u se  i n  t h e  Preprocessor .  

a. The E f f e c t s  of t h e  F i l t e r  Bandwidth 
The e f f e c t s  of t h e  f i l t e r  bandwidth upon t h e  d a t a  can  b e  
summed up wi th  t h r e e  s ta tements :  
(1) S p a t i a l  r e s o u l t i o n  v a r i e s  d i r e c t l y  w i th  t h e  f i l t e r  
bandwidth 
(2) The number of  s c a t t e r e r s  contained w i t h i n  a r e s o l u t i o n  
c e l l  i s  d i r e c t l y  r e l a t e d  t o  t h e  f i l t e r  bandwidth 
(3)  The va r i ance  ( o r  d e v i a t i o n )  of u decreases  w i t h  i n c r e a s i n g  
0 
bandwidth. 
A s  descr ibed  i n  Sec t ion  I V ,  t h e  bandwidth of t h e  f i l t e r  determines 
t h e  angular  e x t e n t  of t h a t  po r t ion  of  t h e  f a n  beam t h a t  r ep re sen t s  a g iven  ang le  
of inc idence .  The t e n  f i l t e r s  t h a t  are placed i n  t h e  spectrum are analogous t o  t e n  
antennas whose beamwidths a r e  determined by t h e  bandwidth of t h e  f i l t e r s .  
The s i z e  of t h e  r e s o l u t i o n  c e l l  may be  a r r i v e d  a t  i n  t h e  fo l lowing  
manner. From Figure  V-2, I 
SCATTEROMETER RESOLUTION CELL 
F igu re  V-2 
where AY* r e p r e s e n t s  t h e  beamwidth due t o  t h e  f i l t e r  and R i s  t h e  r a d a r  range 
a t  t h e  a n g l e  of inc idence ,  0".  Using t r igonometry,  R can be r e l a t e d  t o  t h e  
a l t i t u d e ,  h ,  and d  can b e  r e l a t e d  t o  Q ,  t h e  l e n g t h  of t h e  r e s o l u t i o n  c e l l ,  
y i e l d i n g ,  
h  d  = Q cos 9 *  = AY* cos B h  
o r ,  s o l v i n g  f o r t .  
A 2h (V-3) Q = 2 *. Cos 9 *  
From Sec t ion  IV, t h e  equat ion  f o r  t h e  Doppler bandwidth is, 
A f  2 AY*2V Cos 9  * d A 
s o l v i n g  f o r  AY* and s u b s t i t u t i n g  i n t o  equa t ion  V-3 y i e l d s  
Afd  Xh 
(V-4) Q 3  2v Cos g *  
and d i s  determined by t h e  bandwidth of  t h e  f i l t e r  (assuming X ,  h ,  V and e*  
cons t an t ) .  The wid th  of t h e  c e l l ,  w ,  is  determined by t h e  t r a n s v e r s e  beamwidth 
of  t h e  antenna. S p a t i a l  r e s o l u t i o n ,  then ,  determines t h e  upper bound of t H e  
) 
f i l t e r  bandwidth. 'I 
It should b e  noted t h a t  s p a t i a l  r e s o l u t i o n  is  n o t  on ly  a f u n c t i o n  
of bandwidth and beamwidth, b u t  a l s o  a f u n c t i o n  of a i r c r a f t  v e l o c i t y  and averaging 
t i m e ,  Th i s  s u b j e c t  w i l l  b e  t r e a t e d  later i n  t h i s  sec t ion .  
The number of s c a t t e r e r s  conta ined  w i t h i n  a  des igna ted  r e s o l u t i o n  
cell,  de f ined  by t h e  ang le  of inc idence  f i l t e r s ,  is found t o  be  extremely l a r g e  such 
t h a t  good s t a t i s t i c a l  va lues  f o r  t h e  s u r f a c e s  can be e s t ab l i shed .  A s u f f i c i e n t l y  
l a r g e  number of s c a t t e r s  i s  c e r t a i n l y  found i n  a  750 square f o o t  c e l l  f o r  t he  
13.3 GHz system (-1.3 x lo3)  and a correspondingly smal le r  number, b u t  s t i l l  
adequate  by t h e  c e n t r a l  l i m i t  theorem, i s  found f o r  t h e  1.6 GHz and 0.4 GHz 
systems. The number of s c a t t e r e r s  is r e l a t e d  t o  the t ransmi t ted  wavelength, 
w i t h  fewer  s c a t t e r e r s  per  square  f o o t  a v a i l a b l e  a t  0.4 GEIz than  a t  13.3 GHz. 
I n  gene ra l ,  t h e  e lec t romagnet ic  energy r e tu rned  t o  a s c a t t e r -  
ometer r e c e i v e r  due t o  b a c k s c a t t e r i n g  can be  descr ibed  a s  t h e  sum of independent 
phasors  with Gaussian ampli tude d i s t r i b u t i o n  and uniform phase d i s t r i b u t i o n ,  
(Note: a Gaussian d i s t r i b u t i o n  is  n o t  a requirement .  -The  only  requirement i s  
t h a t  each phasor have e s s e n t i a l l y  t h e  same ampli tude d i s t r i b u t i o n . )  It has been 
shorm (Beckmann, 1967; Schwartz, 1970, and o t h e r s )  t h a t  t h e  r e s u l t a n t  phasor has  
a Rayleigh ampli tude d i s t r i b u t i o n .  
The b a c k s c a t t e r  c o e f f i c i e n t ,  uo, f o r  many s u r f a c e s ,  then  is  
a s s o c i a t e d  w i t h  a Rayleigh ampli tude d i s t r i b u t i o n ,  I n  o r d e r  t o  determine t h e  
mean (average) v a l u e  of uo f o r  a p a r t i c u l a r  s u r f a c e  wi th  a h igh  l e v e l  of con- 
f i d e n c e  ( smal l  v a r i a n c e ) ,  a s u f f i c i e n t  number of independent samples, n ,  must b e  
taken. A " s u f f i c i e n t "  number i s  somewhat a r b i t r a r y ,  b u t  n > 1 0 0  is gene ra l ly  con- 
s i d e r e d  t o  b e  s u f f i c i e n t .  
The number of  independent samples from a s t a t i s t i c a l l y  s t a t i o n a r y - .  
s u r f a c e  may be found by ( r e f e r  t o  Sec t ion  111). 
where B = t h e  s i g n a l  bandwidth 
T = t h e  obse rva t ion  (averaging)  t i m e .  
A s  t h e  bandwidth is made l a r g e r   made l a r g e r  a l s o ) ,  t h e  number 
of independent samples i n c r e a s e s  p r o p o r t i o n a t e l y  (assuming a  constant^) and 
t h e  average v a l u e  of uo i s  known w i t h  a g r e a t e r  l e v e l  of confidence; however, 
a s l i g h t  s h i f t  i n  t h e  c e n t e r  p o s i t i o n  of &, occurs  ( r e f e r  t o  F igure  111-3). 
With a f i x e d  bandwidth, n may b e  inc reased  by averaging over  a longer  per iod  of 
t i m e .  The a c t u a l  process  of averaging can  b e  accomplished i n  tea l - t ime,  post- 
f l i g h t ,  o r  d iv ided  between t h e  two. 
b. Bandwidths Now i n  Use 
A t  p r e s e n t ,  s ca t t e rome te r  d a t a  i s  reduced (by computer) 
u t i l i z i n g  bandwidths t h a t  a r e  c o n s i s t e n t  w i t h  a squa re  ground c e l l ,  approximately 
50 f e e t  long on a s i d e  r e f e renced  t o  an a l t i t u d e  of  ZOO0 f e e t  and an inc idence  
a n g l e  of 3OQ5 
A s  dep ic t ed  i n  F igu re  V-3a, t h e  bandwidths necessary  f o r  equal 
ground c e l l s  a t  each inc idence  ang le  dec rease  w i t h  inc reas ing  inc idence  ang le s  
and, t h e  inc luded  a n g l e  O *  decreases  s i m i l a r l y .  F r o m t h e  above d i s c u s s i o n  i t  
i s  ev iden t  t h a t ,  f o r  a cons t an t  T, t h e  number of  independent samples, n ,  a l s o  
dec reases  w i th  i n c r e a s i n g  inc idence  ang le s  ( t h e  accuracy of O- may b e  f u r t h e r  
0 
degraded by t h e  f a c t  t h a t  t h e  s igna l - to-noise  r a t i o  is  a l s o  decreas ing  as a 
f u n c t i o n  of i nc reas ing  inc idence  angles ) .  
I n  o r d e r  t o  have t h e  same s t a t i s t i c s  apply t o  t h e  r e t u r n  s i g n a l  
from each ground c e l l  (assuming homogeneous t e r r a i n ) ,  t h e  number of independent 
samples (n) must be t h e  sane  f o r  each c e l l .  For t h e  approach now i n  use ,  t h i s  
c r i t e r i a  would demand inc reas ing  averaging t imes as a func t ion  of i n c r e a s i n g  8* 
and would demand an  i n c r e a s e  i n  t h e  o v e r a l l  p a t h  l e n g t h  L o r  o v e r a l l  s p a t i a l  
r e s o l u t i o n  as a func t ion  of i n c r e a s i n g  O* ( r e f e r  t o  F igure  V-4). 
c. F i l t e r  Bandwidths Used i n  Preprocessor  
I f  t h e  f i l t e r  bandwidths a r e  a l l  t h e  same and a r e  made con- 
s i d e r a b l y  narrower than  t h o s e  previous ly  d i scussed  and i f  t h e  averaging t i m e  
i s  chosen t o  b e  t h e  t i m e  r equ i r ed  f o r  t h e  narrow ground c e l l  t o  sweep o u t .  
s i x t y  f e e t  i n  t h e  d i r e c t i o n  of f l i g h t ,  t hen  t h e  s t a t i s t i c a l  accuracy of each 
d a t a  p o i n t  w i l l  b e  t h e  same and each c e l l  s i z e  w i l l  be  approximately t h e  same 
( r e f e r  t o  F igu re  V-5). 
The f i l t e r  bandwidth w a s  chosen t o  provide a f i f t e e n  f o o t  
ground c e l l  i n  t h e  d i r e c t i o n  of f l i g h t  a t  an  a n g l e  of inc idence  of 30°, a n  
a l t i t u d e  of 1000 f e e t  and a mid range v e l o c i t y  of  450 fps .  S ince  t h e  bandwidths 
are a l l  t h e  same va lue  (wi th in  each sca t t e rome te r  system), a common averaging  
t i m e  could be  chosen. The averaging t i m e  was chosen a s  t h e  t ime r equ i r ed  f o r  t h e  
1 5  f o o t  c e l l  t o  move an  a d d i t i o n a l  45 f e e t  a t  a v e l o c i t y  of 600 f p s  ( r e f e r  t o  
F igu re  V-6). 
A s  dep ic t ed  i n  F igu re  V-7, changing t h e  b a s i c  c e l l  s i z e  t o  60 
f e e t  i n  l e n g t h  and making a l l  of t h e  bandwidths t h e  same tends  t o  make t h e  t o t a l  
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s p a t i a l  r e s o l u t i o n  (pa th  l eng th ,  L) less dependent upon a l t i t u d e  and a n g l e  
of inc idence ,  By making t h e  f i l t e r  bandwidths smal le r ,  t h e  dependency 
becomes l e s s ,  b u t  t h e  t o t a l  s p a t i a l  r e s o l u t i o n  becomes apprec iab ly  worse. 
By hold ing  t h e  bandwidths cons t an t  a s  a func t ion  o f  v e l o c i t y ,  
t h e  normal iza t ion  func t ion  and t h e  des ign  of t h e  f i l t g r s  becomes cons iderably  
s impler .  S ince  a func t ion  of no rma l i za t ion  is  t o  put t h e  s i g n a l  i n t o  a d e n s i t y  
form, wa t t s /Her t z ,  holding t h e  bandwidths f i x e d  have no e f f e c t  upon uo. 
The bandwidths t h a t  a r e  l i s t e d  i n  t h e  s p e c i f i c a t i o n s  a r e  broader  
t han  p rev ious ly  r epo r t ed  f o r  two b a s i c  reasons:  
(1) To ensure  t h a t  a s u f f i c i e n t  number of s c a t t e r s  occur  
i n  a  r e s o l u t i o n  c e l l .  
(2) To provide  s p a t i a l  r e s o l u t i o n  ( f o r  s m a l l  d e v i a t i o n  i n  u - ~ )  
comparable t o  t h a t  p r e s e n t l y  acquired. 
3. F i l t e r i n g  Techniques 
P rev ious ly  it  was mentioned t h a t  t h e  f i l t e r s  used t o  s e p a r a t e  t h e  
d e s i r e d  i n c i d e n t  ang le s  from t h e  t o t a l  spectrum must change c e n t e r  f requency as a 
f u n c t i o n  of a i r c r a f t  v e l o c i t y ,  This  i n s u r e s  t h a t  t h e  des i r ed  i n c i d e n t  ang le  
doesn ' t  change due t o  v e l o c i t y  changes. 
The f i l t e r s  used f o r  a n g l e  of inc idence  f i l t e r i n g  must b e  narrow, 
as mentioned above, w i t h  Q'S on t h e  o r d e r  of 100. The f i l t e r s  must have s lopes  
of 1 8  db pe r  oc t ave  o r  g r e a t e r  t o  i n s u r e  t h a t  t h e  ma jo r i t y  of t h e  measured power 
comes from t h e  wanted i n c i d e n t  angle.  
A survey  and a n a l y s i s  of  s e v e r a l  bandpass f i l t e r i n g  techniques  
( inc luding  a c t i v e  f i l t e r s ,  c r y s t a l  f i l t e r s ,  and d i g i t a l  f i l t e r i n g )  i n d i c a t e d  
t h a t  it  i s  n o t  f e a s i b l e  t o  u se  bandpass f i l t e r s .  The f e a s i b i l i t y  of any 
bandpass f i l t e r  t echnique  was s e v e r e l y  reduced when changing t h e  c e n t e r  f r e -  
quency was considered.  
The technique developed t o  overcome t h e  l i m i t a t i o n s  of bandpass 
f i l t e r s  c o n s i s t s  of t r a n s l a t i n g  t h e  d e s i r e d  p o r t i o n  of the  spectrum t o  zero  Hertz  
and f i l t e r i n g  wi th  RC lowpass f i l t e r s  ( r e f e r  t o  F igure  V-8). The e f f e c t i v e  n o i s e  
bandwidth of an  RC lowpass f i l t e r ,  when used i n  conjunct ion wi th  t h e  mixing process ,  
i s  twice  t h e  1/2nRC bandwidth. Therefore,  t h e  RC f i l t e r  bandwidths are chosen 
t o  b e  one-half t h e  bandwidth of t h e  equ iva l en t  bandpass f i l t e r .  
A s  i n v e s t i g a t i o n  of equat ion  (IV-2) i n d i c a t e s ,  t h e  doppler  f requency 
t h a t  r e p r e s e n t s  a p a r t i c u l a r  i n c i d e n t  a n g l e  v a r i e s  as a func t ion  of a i r c r a f t  
v e l o c i t y .  I n  o r d e r  t o  provide  w0 in format ion  a t  f i x e d  i n c i d e n t  ang le s ,  t h e  c e n t e r  
f requency of t h e  doppler  f i l t e r s  (Afd) must va ry  as a func t ion  of a i r c r a f t  ve loc i ty .  
The l o c a t i o n  of a  f i l t e r ,  i n  terms of i n c i d e n t  angle ,  cannot  b e  
known any b e t t e r  than  t h e  a i r c r a f t  v e l o c i t y  i s  known. The Angle Frequency 
Genrator  (AFG) must b e  s t a b l e  and l i n e a r  enough s o  t h a t  i t  c o n t r i b u t e s  no 
apprec i ab le  e r r o r  t o  t h e  d a t a  r educ t ion  process .  The a i r c r a f t  v e l o c i t y  is  known 
t o  w i t h i n  - C 0.5 kno t s  (C - 0.88% a t  180 k t s . ) ,  t h e r e f o r e ,  t h e  AFG must c o n t r i b u t e  
less than  approximately 0.05% e r r o r  t o  t h e  da t a .  
To ensure  t h a t  t h e  AFG does n o t  c o n t r i b u t e  s i g n i f i c a n t  e r r o r s ,  a 
d i g i t a l  t echnique  was developed. One AFG i.s r equ i r ed  per  s ca t t e rome te r  system 
(al though t h e  same AFG can be  used f o r  b o t h  13.3 GHZ systems) and each AFG is 
somewhat unique because of t h e  d i f f e r e n t  requirements  f o r  each sca t t e rome te r .  
I 
1 4. Data Compression 
Ear ly  i n  t h e  program t h e  f e a s i b i l i t y  of us ing  d a t a  compression 
techniques ,  such a s  redundancy r edu t ion ,  was inves t iga t ed .  Data compression 
was deemed n o t  f e a s i b l e  f o r  t h i s  system f o r  a t  l e a s t  two reasons.  
F i r s t ,  t h e s e  techniques p r e s e n t l y  r e q u i r e  a  somewhat s o p h i s t i c a t e d  
d i g i t a l  system. This  was considered t o  b e  too  complicated and expensive for  a 
system of t h e  magnitude of t h e  Data Preprocessor .  
Second, f o r  d a t a  compression techniques t o  remove a s i g n i f i c a n t  
amount of redundant information,  t h e  number of s i g n i f i c a n t  samples must be 

reduced. This would e f f e c t i v e l y  smooth t h e  da ta  considerably more than t h e  
programmed 75 mil l iseconds,  which i s  undesirable.  
5. Normalization 
The ob jec t ive  of t h e  normalizat ion funct ion is  the  removal of t h e  
e f f e c t  of a l l  parameters on the  output  of t h e  analog sec t ion  of t h e  preprocessor, 
thus  providing a  s i g n a l  proport ional  t o  sigma zero. 
The parameters t h a t  must be operated on a r e  l i s t e d  i n  Sect ion IV-D. 
Three va r iab les  not  e x p l i c i t l y  l i s t e d  a r e  d r i f t ,  r o l l ,  and pi tch .  Changes i n  
a i r c r a f t  a t t i t u d e  does have an e f f e c t  on sigma-zero, but  primari ly i n  t h e  
geographical loca t ion  of the  ground c e l l .  
P i t c h  causes an e f f e c t i v e  r o t a t i o n  of the  antenna p a t t e r n  about 
t h e  p i t c h  ax i s .  Therefore, a  given angle of incidence f i l t e r  "sees" t h e  
ground through a  d i f f e r e n t  por t ion  of t h e  antenna pa t t e rn .  There is no e f f e c t  
on t h e  value  of t h e  inc iden t  angle due t o  t h e  f a c t  t h a t  the  doppler s h i f t ,  
which determines t h e  f i l t e r  frequency, is  due s o l e l y  t o  the  ve loc i ty  between t h e  
a i r c r a f t  and t h e  ground c e l l  and i s  independent of p i tch .  
From prel iminary and incomplete s t u d i e s  made on t h e  b a s i s  of-ADAS 
da ta ,  i t  seems t h a t  t h e  p i t ch  angle during a  t y p i c a l  mission does n o t  change 
s i g n i f i c a n t l y  from t h e  nominal. By compensating, i n  real-time, f o r  t h e  e f f e c t s  
of t h e  antenna p a t t e r n s  a t  the  nominal p i t c h  angle, t h e  computer program can be  
w r i t t e n  t o  make only t h e  add i t iona l  compensations necessary when t h e  a i r c r a f t  
p i t ches  beyond predetermined l i m i t s .  
D r i f t  causes the  a i r p l a n e  to  move "sideways" over t h e  ground. This 
means t h a t  t h e  v e l o c i t y  along t h e  antenna beam i s  l e s s  than the  ground v e l o c i t y  
of t h e  a i r c r a f t .  This causes t h e  f i l t e r s  t o  be located  a t  a  higher frequency 
than they should s i n c e  t h e  normalizer works with the  ground ve loc i ty .  With a 
maximum yaw of 3', t h e  maximum e r r o r  i n  t h e  v e l o c i t y  i s  0.2% (.02 db e r r o r  i n  
r O ) .  
The f i r s t  e f f e c t  of r o l l  i s  t o  i n c r e a s e  t h e  apparent  " a l t i t u d e "  of 
t h e  a i r p l a n e  by e f f e c t i v e l y  inc reas ing  t h e  d i s t a n c e  from t h e  antenna t o  t h e  
p o i n t  t h e  antenna beam i n t e r c e p t s  t h e  ground. 
A r o l l  of - + 2 O  causes a change of 0,08% (.004 db e r r o r  i n  uo) i n  
appa ren t  a l t i t u d e  which can be  considered i n s i g n i f i c a n t .  I f  d e s i r e d ,  t h i s  e f f e c t  
can  b e  removed, a f t e r  t h e  mission,  w i th  t h e  use  of  a computer. 
The second e f f e c t  of r o l l '  i s  t o  change t h e  i n c i d e n t  angle .  Th i s  i s  
due t o  t h e  f a c t  t h a t  t h e  i n c i d e n t  angle ,  as d e t e r i n e d  by t h e  f i l t e r ,  is i n  t h e  . 
p l a n e  of t h e  antenna,  which, when t h e r e  is  r o l l ,  is n o t  perpendicular  t o  t h e  
e a r t h .  I f  t h e  r o l l  i s  2 degrees and t h e  f i l t e r  i s  set f o r  5 degrees ,  t h e  t r u e  
i n c i d e n t  ang le  is 5.4 degrees,  a t  55 degrees ,  t h e  t r u e  i n c i d e n t  a n g l e  is 55.02 
degrees.  The t r u e  i n c i d e n t  ang le  can b e  c a l c u a l t e d  on t h e  ground w i t h  t h e  u s e  of 
a computer. 
It should b e  noted t h a t ,  due t o  t h e  d e f i n f t i o n  o f  p i t c h  and r o l l ,  
p i t c h  has  a second o r d e r  e f f e c t  on r o l l .  
S ince  t h e  e r r o r s  i n  co due t o  changes i n  a i r c r a f t  a t t i t u d e  are 
r e l a t i v e l y  sma l l  and s i n c e  real- t ime c o r r e c t i o n  would be  expensive t o  implement, 
t h e  normal iza t ion  f u n c t i o n  compensates t h e  d a t a  only  f o r  t h e  nominal a i r c r a f t  
a t t i t u d e .  Add i t iona l  ref inement  of t h e  d a t a  may b e  accomplished w i t h  t h e  u s e  
of  t h e  computer a f t e r  t h e  miss ion  h a s  been completed. 
One a d d i t i o n a l  i tem t h a t  i s  n o t  c o r r e c t e d  f o r  i n  rea l - t ime is  t h e  
l a n d / s e a  f i l t e r .  The f i l t e r  has  f i x e d  r o l l - o f f  c h a r a c t e r i s t i c s ,  b u t  t h e  
i n c i d e n t  ang le s  a f f e c t e d  by t h e  f i l t e r  a r e  a t t e n u a t e d  as a f u n c t i o n  of a i r c r a f t  
v e l o c i t y  and rea l - t ime c o r r e c t i o n  would be  d i f f i c u l t .  However, i f  t h e  systems 
are flown only  i n  t h e  LAND condi t ion ,  no c o r r e c t i o n  i s  requi red  s i n c e  t h e  Doppler 
f requency r ep resen t ing  t h e  s m a l l e s t  i nc idence  ang le  i s  more than  a decade 
above t h e  low frequency ro l l -o f f  of t h e  sca t t e rome te r s ,  
6, 400 MHz Sca t te rometer  Data 
Because of t h e  complexity r equ i r ed  t o  swi tch  i n  d i f f e r e n t  
c a l i b r a t i o n  c o n s t a n t s  as a function of a l t i t u d e  and because of  t h e  a d d i t i o n a l  burden 
of supplying housekeeping f u n c t i o n s  f o r  record ing  purposes,  i t  is recommended 
t h a t  on ly  t h e  f i x e d  g a t e  ou tpu t s  of t h e  sca t t e rome te r  b e  used and Chat t h e  system 
b e  opera ted  i n  t h e  manual mode only. 
C. DETAILED SYSTEM DESCRIPTION 
The remaining p o r t i o n  of t h i s  r e p o r t  is concerned wi th  the d e t a i l s  
of t h e  Preprocessor .  F i r s t  t h e  system is desc r ibed  f u n c t i o n a l l y ,  fol lowed by 
d e t a i l e d  system s p e c i f i c a t i o n s ,  and f i n a l l y  concluded by d e t a i l e d  e r r o r  ana lyses  
of  t h e  sca t t e rome te r s  and t h e  Data Preprocess ing  System. 
1. Analog P roces s ing  Subsystem 
The Analog Processor  i s  d iv ided  i n t o  f o u r  major func t ions :  
a Angle of Inc idence  F i l t e r i n g  
e Normalizing 
e Averaging 
The Analog Processor  i s  dep ic t ed  i n  Drawing No. SK742B1002. 
a, D i r e c t i o n  Sensor 
{ 
i 
The Teledyne Ryan Sca t te rometers  ( t h e  two 13.3 GHz systems 
and t h e  1.6 GHz system) a r e  systems t h a t  t r a n s l a t e  t h e  frequency o f  r e tu rned  RF 
energy t o  a n  I.F. of zero  h e r t z  ( o f t e n  Tefer red  t o  a s  homodyne systems).  The 
r e t u r n  spectrum is n o t  d i r e c t l y  u seab le  i n  t h i s  fonn s i n c e  t h e  in fo rma t ion  from 
t h e  forward and a f t  p o r t i o n s  of t h e  antenna beam a r e  combined o r  f o l d e d  on t o p  
one  another .  The ou tpu t s  of t h e  sca t t e rome te r s  are provided i n  quadra tu re  pa2rs  
t o  permit  unfolding of t h e  doppler  spectrum. 
The sca t t e rome te r  ou tpu t s  a r e  s ingle-s ideband modulated (SSBM) 
i n  t h e  d i rec t ion-sensor  t o  r e i n s e r t  a non zero  I.F. and unfold t h e  spectrwn 
( r e f e r  t o  Drawing No. SK742B1003). Two SSBMfs a r e  provided per  p a i r  o f  scatter- 
ometer ou tputs .  One SSBM p laces  t h e  forward beam information a t  a frequency above 
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SSBM'S are used s o  t h a t  only one set of f i v e  frequencies a r e  required ,  per  
sca t terometer ,  t o  t r a n s l a t e  t h e  information at  t h e  des i red  incidence angles  t o  
zero Hertz. I f  t h i s  technique was not  used, ten  frequencies would have t o  be 
developed i n  t h e  Angle Frequency Generator a t  t h e  cos t  of considerable complexity. 
P r i o r  t o  single-sideband modulation, t h e  power l e v e l  of t h e  
cos ine  input  must be  made equal  t o  t h e  power l e v e l  of t h e  s i n e  input ,  This is 
done t o  ensure good sideband cance l l a t ion  which i s  required f o r  separa t ion  of 
f o r e  and a f t  s p e c t r a l  information. An output  of each balanced mixer is bandpass 
f i l t e r e d  t o  remove t h e  c a l i b r a t i o n  and coding o s c i l l a t o r  s i g n a l s  and then 
detec ted  and smoothed. The d i f fe rence  between t h e  two s i g n a l s  is  ampl i f ied  and used 
as an e r r o r  s i g n a l  f o r  t h e  AGC ampl i f ier  a t  t h e  cos ine  input  of t h e  Direct ion- 
Sensor ( the  s i n e  input  t o  t h e  Direction-Sensor is  a l s o  an AGC ampl i f i e r  t h a t  is 
p a r t  of t h e  normalizing funct ion and is discussed i n  t h e  normalizer sec t ion) .  
The spectrum i s  unfolded about an I. I?. of 49.044 KHz. The 
I.F. s i g n a l s  required  by the  Direction-Sensor a r e  quadrature square waves which 
are developed i n  t h e  Angle Frequency Generator. The phase r e l a t i o n s h i p  of the  
quadrature square waves can be  adjus ted  - + 10° t o  permit compensation of poss ib le  
f ixed  phase s h i f t s  of t h e  input  spectrum t h a t  may occur i n  t h e  scat terometers.  
The 400 MHz scat terometer  s i g n a l s  do not  r equ i re  d i r e c t i o n  
sensing,  however, t o  s impl i fy  f i l t e r i n g  of t h e  d a t a  a t  t h e  required  incidence 
angles,  t h e  center  frequency of t h e  spectrum i s  t r a n s l a t e d  from 500 Hz t o  
49.044 KHz. The frequency t r a n s l a t i o n  is  accomplished by use  of balanced mixers. 
There is  no requirement t o  maintain equal power l e v e l s  i n  t h e  
400 MHz device s i n c e  t h e  output spectrums are a l ready direction-sensed. 
b. Angle of Incidence F i l t e r s  
To separa te  t h e  energy from t h a t  port ion of t h e  spectrum t h a t  
prepresents  a given incidence angle requ i res  t h a t  a narrowband f i l t e r  be placed 
i n  t h e  spectrum a t  t h e  frequency t h a t  i s  r e l a t e d  t o  the  given angle, 
A frequency is generated f o r  each incident  angle  by t h e  Angle 
Frequency Generator. This frequency is  correc ted  f o r  changes i n  a i r c r a f t  
v e l o c i t y  and then used as the  mixing frequency i n  a balanced mixer t o  t r a a s l a t e  
t h e  des i red  port ion of the  spectrum t o  zero  frequency where i t  is  f i l t e r e d  by a 
f ixed  lowpass f i l t e r .  The output of t h e  balanced mixers a r e  AC coupled to remove 
t h e  e f f e c t  of DC o f f s e t  vol tages  i n  t h e  balanced mixers. This puts  a no tch  less 
than one Hertz wide i n  t h e  spectrum. 
The Angle Frequency Generator ( r e f e r  t o  Drawing No. ~ ~ 7 4 2 ~ 1 0 1 0 )  
develops t h e  frequencies required t o  t r a n s l a t e  t h e  des i red  por t ions  of the spec t ra  
t o  zero her tz .  The frequency required f o r  each incidence angle must vary, with 
2v 
a i r c r a f t  v e l o c i t y ,  according t o  t h e  r e l a t i o n s h i p  f d  = g s i n  B* (symbol 
d e f i n i t i o n  i s  provided i n  Appendix A). A 
The excess -. 3 BCD code t h a t  represents  Vg is decoded b t o  a 
binary  word. The binary  word i s  mul t ip l i ed  i n  a Binary Rate M u l t i p l i e r  [BRM) by 
a c r y s t a l  o s c i l l a t o r  generated reference  frequency (f ) t o  develop a frequency 
B/2 
(4fA) t h a t  v a r i e s  with a i r c r a f t  ve loc i ty .  The c r y s t a l  o s c i l l a t o r  fundamental 
frequency (4fB) i s  summed with 4 f and divided by two t o  develop one of the A 
required  b a s i c  frequencies (2 f A +  2 fg) .  The c r y s t a l  o s c i l l a t o r  frequency (4 fB) 
i s  a l s o  divided by two and is  t h e  second required b a s i c  frequency (2 f ), The 
2v B frequency 4 f g  is equal  t o  10' 3 Sin  90°. 
A 
The two b a s i c  frequencies a r e  independently sca led  by a p a i r  
of sca l ing  c i r c u i t s  which divide  each s i g n a l  by N. The in teger  N is  dete&ined 
by t h e  inc iden t  angle  required. A t abu la t ion  of t h e  required values of  N is 
given i n  Table V-5. I n  each case t h e  l a s t  s t e p  i n  d iv is ion is t o  d i v i d e  by 
four.  This i s  done t o  develop t h e  frequencies i n  quadrature p a i r s ,  a s t e p  
required f o r  single-sideband modulation. 
f I n  addi t ion ,  t h e  2 frequencies a r e  f i l t e r e d  wi th  bandpass 
N 
f i l t e r s  t o  develop s i n e  wave s ignals .  Sine wave s igna l s  a r e  required to 
f + f g  
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* For t h e  fol lowing condi t ions :  









I.F. = 49.044 KHz 
** Signa l  i s  der ived  d i r e c t l y  from fIF. 
f f Af ter  sca l ing,  'A 'B and - B a r e  mixed together  t o  form frequencies ( - A)
N N N 
t h a t  a r e  a t  t h e  des i red  doppler frequencies.  The frequency - f~ i s  t r a n s l a t e d  
N 
t o  t h e  system I.F. by single-sideband modulation and t h e  r e s u l t i n g  s i g n a l  i s  
f 
a t  the  cor rec t  frequency (f -I- A/ ) f o r  t h e  des i red  incidence angle. IF N 
The use  of a BRM genera tes  FM sidebands around t h e  carrier 
frequency 2fA + 2fB. For t h e  400 MHz and 1.6 GHz systems the  sca l ing  c i r c u i t s  
d iv ide  t h e  frequency by an amount t h a t  s u f f i c i e n t l y  reduces t h e  sidebands ( a t  
l e a s t  48 db below t h e  fundamental frequency). The s c a l i n g  c i r c u i t s  do not  
provide s u f f i c i e n t  sideband reduction f o r  t h e  13.3 GHz system and a d d i t i o n a l  
suppression is  required. 
The added suppression i s  accomplished through t h e  use  of a 
frequency-locked VCO which has  a one second t i m e  constant.  The frequency 4 f g  
and t h e  output of t h e  VCO i s  used wi th  a pulse  genera tor  t o  develop a pu l se  
t r a i n  propor t ional  t o  2 f + 2fB. This pulse  t r a i n  is  compared with t h e  A 
divided output  (2f + 2f ) of t h e  BRM and frequency summed i n  an up-down counter. A B 
The r e s u l t i n g  e r r o r  frequency is  D/A converted t o  a DC s i g n a l  which c o n t r o l s  the 
cen te r  frequency of the  VCO. 
A simpler approach t o  suppressing t h e  FM sidebands h a s  been 
recen t ly  developed ( r e f e r  t o  Figure V-9). The up/down counter  and D/A converter  
have been replaced by a simple d i g i t a l  mixer and a f l ip - f lop  t h a t  d e t e c t s  t h e  
s i g n  of t h e  e r r o r  s igna l .  The b a s i c  opera t ion is  analogous t o  t h e  conkept 
mentioned above. 
Al te rna te  Frequency-Locked VCO 
Figure V-9 
Since t h e  spectrum of t h e  400 MHz scatterometer  e n t e r s  t h e  
Preprocessor centered around a 500 Hz c a r r i e r  frequeccy, add i t iona l  c i r c u i t r y  
i s  required t o  phase-lock t h e  frequency genera tor  t o  the  spectrum. Phase-locking 
i s  needed t o  prevent frequency d r i f t s  between t h e  c a r r i e r  and angle of incidence 
frequency. .The phase-locked loop locks t h e  Angle Frequency Generator t o  the  
1000 Hz c a l i b r a t i o n  s i g n a l  t h a t  is included wi th  t h e  spectrum. The output  of t h e  
VCO is a p a i r  of s i g n a l s  a t  frequencies of f + 500 Hz and fIF - 500 Hz. IF 
I f  the  ADAS d a t a  is no t  ava i l ab le ,  t h e  ve loc i ty  can be  d ia led  
i n  from t h e  f r o n t  panel by thumb wheel switches. 
The Angle Control Switch provides the  capab i l i ty  of decreasing 
4fg by 10%. Decreasing 4f by 10% reduces t h e  inc iden t  angle frequencies by 10%. B 
This gives t h e  opera tor  c a p a b i l i t y  of s tepping a l l  of t h e  f i l t e r s  by a f ixed 
amount propor t ional  t o  reducing s i n e *  by 10%. This f e a t u r e  permits t h e  operator  
t o  s h i f t  t h e  f i l t e r s  t o  avoid no i se  sp ikes  o r  o the r  anamolies. 
The f i l t e r s  are three-section lowpass f i l t e r s  with each 
s e c t i o n  i s o l a t e d  by an  emitter-follower. The t r a n s f e r  function is 
I n  add i t ion  t o  t h e  angle  of incidence f i l t e r s ,  s i m i l a r  f i l t e r s  
are placed around t h e  c a l i b r a t i o n  s i g n a l  and t h e  no i se  f loor .  These s i g n a l s  are 
used f o r  d a t a  v e r i f i c a t i o n .  The detec ted  c a l i b r a t i o n  s i g n a l  is  a l s o  used t o  
c. Normalizer 
The purpose of t h i s  funct ion is t o  remove t h e  e f f e c t s  of: 
2 (4.) Constant 
v-35 
x3 Wavelength 
GT ( Y ' , ~ ' )  Transmit antenna p a t t e r n  funct ion 
GR(Yt 9") Receive antenna p a t t e r n  funct ion 
B Transverse beamwidth 
BW Doppler bandwidth 
Transmitted Power 
Ground Velocity 
Al t i tude  squared 
s o  t h a t  t h e  backscat ter  c o e f f i c i e n t ,  uo, is  dependent s o l e l y  upon.-the character-  
i s t i c s  of t h e  t e r r a i n .  
The f i r s t  s i x  items a r e  considered constants  and are used t o  
determine t h e  gain of t h e  ampl i f i e r  following each mixer and lowpass f i l t e r .  
A s c a l i n g  constant  is a l s o  included t o  put  t h e  vol tage  a t  a workable l eve l .  The 
g a i n  of t h e  ampl i f i e r  i s  propor t ional  t o  
2 (4n) ' 
. Nominal values  
G ~ ( Y ' ,  A) G~ ( y t ,  A) k3 BW B 
of G and G f o r  each angle of inc iden t  a r e  chosen assuming no a i r c r a f t  p i t c h  o r  T R 
r o l l .  The beamwidth, B, is an average over t h e  c e l l  width., 
< 
For t h e  13.3 GHz and 1.6 GHz systems, t h e  remaining t h r e e  items, 
2 
Pt, V and h a r e  v a r i a b l e s  which a r e  used t o  supply t h e  e r r o r  vol tage  f o r  t h e  g ' 
s i n e  channel AGC ampl i f ier  i n  t h e  Direction-Sensor. The f i l t e r e d  and detec ted  
c a l i b r a t i o n  s i g n a l  is  subtrac ted  from a s i g n a l  represent ing h K  and t h e  g 
r e s u l t i n g  e r r o r  s i g n a l  i s  supplied t o  t h e  s i n e  channel AGC amplifier. 
The term ~ J v  is derived from t h e  ADAS word supplied onboard 
g 
t h e  a i r c r a f t  ( i f  i t  i s  not  a v a i l a b l e  i t  can be inse r t ed  manually from t h e  f r o n t  
panel  of t h e  preprocessor).  The ADAS word i s  i n  excess-3 BCD form and is decoded 
t o  a binary word. The binary words represent ing h and V a r e  combined i n t o  t h e  
g 
form h 6  by t h e  use of four  D i g i t a l  D i f f e r e n t i a l  Analyzers. 
g 
The output of each normalizing ampl i f ier  is  detected by a 
l i n e a r  fullwave de tec to r  t o  provide a DC vol tage  proport ional  6s 6. The use 
of l i n e a r  de tec t ion  ins tead of square-law de tec t ion  reduces t h e  s i g n a l  dynamic 
range. Full-wave r e c t i f i c a t i o n  is used t o  improve t h e  signal-to-noise r a t i o .  
Incorporat ing t h e  de tec to r  i n s i d e  the  feedback loop of an opera t ional  ampl i f i e r  
e l iminates  t h e  e f f e c t  of diode vol tage  drops. 
For t h e  400 MHz scatterometer ,  t h e  normalization of Pt, Vg* 
and h2 must be handled i n  a s l i g h t l y  d i f f e r e n t  fashion ( r e f e r  t o  Drawing No. 
SK472B1011). The 400 MHz scatterometer  develops t h r e e  c a l i b r a t i o n  s i g n a l s  which 
must be  operated on t o  normalize t h e  d a t a  f o r  Pt. A t ransmit  sample s i g n a l  
and c a l i b r a t e  sample s i g n a l  a r e  a v a i l a b l e  on t h e  output of t h e  Ca l ib ra te  Receiver. 
An a d d i t i o n a l  c a l i b r a t i o n  s i g n a l  is  a v a i l a b l e  on each s i g n a l  channel. 
The r a t i o  of t h e  Transmit Sample s igna l  and t h e  Ca l ib ra te  
Sample s i g n a l  from t h e  Ca l ib ra te  Receiver is  developed by use of an AGC amplif ier .  
The output  of t h e  AGC ampl i f i e r  i s  a s i g n a l  propor t ional  t o  
Transmit Sample Signal  x hJ;f. 
Cal ibra t ion Sample Signal  g 
This s i g n a l  is compared t o  t h e  detected c a l i b r a t e  s i g n a l  from 
t h e  s i g n a l  channel. The r e s u l t i n g  e r r o r  vo l t age  controls  an  AGC ampl i f i e r  i n  
t h e  s i g n a l  channel. I 
4 
1 
The averaging c i r c u i t s  are provided t o  smooth the  d a t a  t o  a 
po in t  where t h e  sampling r a t e  of t h e  PCM subsystem is not unweldy and t o  def ine  
t h e  b a s i c  s p a t i a l  r e so lu t ion  element of t h e  scat terometers.  
2. PCM SUBSYSTEM 
- - 
The PCM Subsystem is t h e  por t ion  of the  Preprocessor System t h a t  
mult iplexes,  d i g i t i z e s ,  and formats t h e  d a t a  f o r  recording on the  onboard tape 
recorder. 





Two approaches for accomplishing the above listed functions are 
described in this document. The first approach is based upon the use of the 
existing NASA PCM System, the second is a specialized system that permits the 
scatterometer data to stand alone. 
a. GFE PCM Subsystem 
Briefly, the existing NASA PCM system is applicable to the 
Scatterometer Data Preprocessing system when the following conditions are met: 
o Two complete Multiplexer/Encoder Units (MEU'S) must be 
available 
o The internal clock of the ~ontroller/Combiner Unit (CCU) must 
not be externally synchronized 
e The maximum bit rate (100 Kilobits per second) of the system 
must not be exceeded 
s The sync words must be extracted and used to synchronize the 
Teledyne Ryan scatterometers during the polarization time-share 
mode. 
A detailed description of the GFE system is provided in 
Document No. MCR-68-552 (Rev. A). The system block diagram is depicted in 
Drawing No. SK742B1007. 
Multiplexer - The PCM Subsystem must be capable of mult- 
iplexing a minimum of 102 analog data lines and 10 digital words onto one 
signal line. The data lines must be sampled at a minimum frequency of 56 Hz. 
- The dtgitizer converts the analog data to 10-bit 
digital word. 

Encoder - The encoder converts  the  10-bit binary word i n t o  
a bi-phase-L code. 
b. Special ized PCM Subsystem 
This PCM Subsystem provides t h e  functions of mult iplexing,  
d i g i t i z i n g ,  and formatt ing t h e  processed scat terometer  d a t a  f o r  recording on t h e  
GFE tape  recorder  ( r e f e r  t o  Drawing No. SK742B1008). 
The PCM output inc ludes  t h e  encoded analog data ,  se lec ted  
.- por t ions  of t h e  ADAS data ,  and t h e  necessary houskeeping functions from each 
scat terometer  (pos i t ion  of land/sea switch, t ransmit ted  polar iza t ion,  gain switch 
pos i t ions ,  angle  frequency generator  codes, d a t a  v e r i f i c a t i o n  information, and 
scat terometer  s t a t u s  information). 
Each b i t  i n  a da ta  word is read out synchronously and each 
word is  read o u t  asynchronously. The words are read ou t  asynchronously t o  
provide an automatical ly v a r i a b l e  frame s i z e .  The frame s i z e  i s  a funct ion o f  
t h e  sca t terometers  being used during a p a r t i c u l a r  mission. Making t h e  frame 
s i z e  v a r i a b l e  e l iminates  t h e  need t o  scan t h e  zeroes t h a t  would b e  present  i f  
t h e  frame s i z e  were f ixed while t h e  number of d a t a  l i n e s  var ies .  The frame 
format i s  depicted i n  Figure' V-10. 
Sync Words Sca t t .  S ta tus  A/c S t a t u s  Encoded Data Words 
I, 
Figure V-10 Sample Frame Format 

Suggested l i n e  assignments a r e  l i s t e d  i n  Appendix 3 and 
suggested b i t  assignments f o r  t h e  b i - level  ( d i g i t a l )  words a r e  l i s t e d  i n  Appendix 
c. 
(1) Analog Multiplexer 
The Analog Mult iplexer mult iplexes t h e  120 analog d a t a  
l i n e s  (of which 19 are spares)  onto one s i g n a l  l i n e  p r i o r  t o  d ig i t i z ing .  The 
l i n e s  a r e  sampled a t  a 56 Hz r a t e .  This r a t e  i s  high enough t o  reduce e r r o r s  
due t o  a l i a s i n g  t o  less than 2%. 
The analog mul t ip lexer  uses a t h r e e  l e v e l  submultiplexing 
technique t o  reduce c r o s s t a l k  and t h e  e f f e c t s  of s t r a y  capacitance. 
The cor rec t  d a t a  l i n e  is  s e l e c t e d  by a nine-bit  address 
code ( r e f e r  t o  t h e  s e c t i o n  of Channel Se lec t ion  Decision Logic f o r  a d iscuss ion 
of t h e  address code). The f i r s t  l e v e l  of mult iplexing chooses one of  th ree  
modules. Each of t h e  t h r e e  modules have four  inpu t s ,  thus  t h e  second l e v e l  of 
mult iplexing s e l e c t s  one of t h e  four  inputs.  Each of the  four  inpu t s  a r e  f u r t h e r  
subdivided i n t o  t e n  analog da ta  l i n e s .  
(2) Sample and Hold 
The Sample and Hold funct ion is provided t o  reduce t h e  
uncer ta in ty  due t o  changes i n  t h e  amplitude of t h e  analog s igna l  during t h e  
conversion period of t h e  A/D converter.  
While t h e  Analog Mult iplexer is connected t o  a s p e c i f i c  
analog d a t a  l i n e ,  a capaci tor  i n  t h e  Sample and Hold function i s  charged 
through a low impedance source. J u s t  p r i o r  t o  switching t o  the  next d a t a  l i n e  
t h e  capaci tor  i s  disconnected from t h e  low impedance source and the  charge on 
t h e  capaci tor  i s  held a t  a constant  va lue  u n t i l  AID conversion has been completed. 
Af ter  t h e  Conversion Complete s i g n a l  has been generated, 
t h e  capaci tor  i s  rap id ly  discharged through a low impedance path. The Sample 
and Hold funct ion i s  now connected t o  t h e  next  d a t a  l i n e  and the  procedure 
repeated. 












n + l  I J 
Figure V-11. Typical Sample and Hold Timing Diagram 
(3) Analog-to-Digital Converter 
This funct ion converts  t h e  analog da ta  i n t o  a 10-bit  
d i g i t a l  word with a t r a n s f e r  funct ion described by t h e  equation 
(v-8) V ~ u t  = 341 loglo(100 Vin) = 148.1 loge(lOO Vin) 
A logari thmic converter  is  used he re  t o  reduce t h e  
quant iza t ion e r r o r s  inherent  i n  converting l a r g e  dynamic range s igna l s  with 
a l i n e a r  converter.  
I 
i 
Switch S,  i n  t h e  RC network shown below, is  closed long 
enough t o  permit capaci tor  C t o  charge t o  t h e  vol tage  s to red  i n  the  Sample and 
Hold c i r c u i t .  A t  t h e  i n s t a n t  t h e  switch i s  opened (defined a s  t = O ) ,  t h e  
charge on capaci tor  C r epresen t s  t h e  vo l t age  from one of t h e  analog d a t a  l ines .  




C i r c u i t  
Figure V-12. RC Network 
v-44 
Assume t h a t  t h e  . maximum .. and minimum expected da ta  vol tages  
a r e  E and E respect ive ly .  The t i m e ,  T, requi red  f o r  t h e  output  of the  RC 1 2 
network t o  decay from E t o  E2 i s  1 
where R and C a r e  t h e  component values i n  t h e  network above. This equation 
de f ines  the  maximum decay t i m e  f o r  t h e  expected input  vo l t age  range. This 
period i s  divided i n t o  2'' = 1024 equal increments, AT, as depicted below. 
Output 
- - d ~ ~ k -  Time  - 
Figure  V-13. Sample Increments, AT 
Let t h e  minimum expected vol tage ,  E2, b e  equal t o  a f ixed 
re fe rence  vo l t age  E The inpu t  vol tage ,  Ein, R ' can vary anywhere i n  t h e  range 
E2 = E t o  El. Solving equation (V-9) f o r  El and s u b s t i t u t i n g  ER f o r  E2 and R 
E i n  f o r  E y i e l d s  t h e  c h a r a c t e r i s t i c  equation of t h e  converter.  1 
I (V-10) E i n  = E R exp - 
RC . 
Solving equation V-10 f o r  T y ie lds ;  
A s  examination of equation V-11  i nd ica tes ,  measuring t h e  
t i m e ,  T, i t  takes  E t o  decay t o  E y i e l d s  a number propor t ional  t o  the  i n  R -. 
n a t u r a l  logar i th im of t h e  input  vol tage ,  E The exact number i s  obtained by i n  
knowing t h e  contants  RC and E R ' 
The number of complete increments required f o r  E i n  t o  
decay t o  t h e  reference  voltage, E ~ '  i s  determined by counting t h e  number of 
pu l ses  produced by a f ixed  frequency generator  durnng t h e  i n t e r v a l  T. The 
end of t h e  i n t e r v a l  T is  determined by comparing t h e  exponential ly decaying 
vo l t age  with t h e  reference  vol tage  E R i n  a vol tage  comparator. 
The output  of t h e  counter is a 10-bit p a r a l l e l  binary 
word t h a t  i s  propor t ional  t o  t h e  n a t u r a l  logar i th im of t h e  inpu t  voltage.  The 
n a t u r a l  logar i th im i s  converted t o  t h e  logar i th im t o  t h e  base t en  by 
mul t ip ly ing the  analog input  vol tage  by a constant  2.3.  
(4) Sync Word Generator 
Three sync words a r e  i n s e r t e d  a t  t h e  beginning of each 
frame so  t h a t  during decomrnutation t h e  computer can synchronize t o  t h e  d a t a  
and each frame can be i d e n t i f i e d .  
The sync words a r e  combined t o  form a 33-bit Barker 
Code (compatible t o  t h e  I R I G  s tandard) t o  provide unique i d e n t i f i c a t i o n  of t h e  
beginning of a frame. 
(5) Gating and Storage Regis ter  
The Gating funct ion d i r e c t s  t h e  flow of d a t a  t o  t h e  
Storage Regis ter  from one of t h r e e  areas :  (1) Sync Word Generator, (2) 
Encoded analog data,  and (3)  Bi-level ( d i g i t a l )  data.  A l l  o f  t h e  da ta ,  
encoded analog and d i g i t a l  housekeeping words, e n t e r  t h e  Gating funct ion a s  
10-bit  p a r a l l e l  words. After  adding the  annotat ion b i t  t o  each word, t h e  d a t a  
is  s h i f t e d  i n  p a r a l l e l  form t o  t h e  Storage Register.  
The Storage Register  adds t h e  two c o n t r o l  b i t s  t o  t h e  
d a t a  word (one a t  t h e  beginning of t h e  word and one a t  the  end of t h e  word) 
and s h i f t s  t h e  completed d a t a  word o u t  t o  t h e  Bi-Phase L Encoder i n  s e r i a l  form. 
The word format is  dep ic t ed  below 




Figure  V-14, Word Format 
(6) Bi-Phase L Encoder 
The d a t a  is  pu t  i n t o  Bi-phase L form, which is compatible 
w i t h  e x i s t i n g  ground f a c i l i t i e s ,  s o  t h a t  t h e  d a t a  can b e  recorded wi thout  having 
t o  r eco rd  a t iming s i g n a l  on an ad jacen t  t a p e  channel.  Timing.may b e  de r ived  
from a t r a n s i t i o n  i n  t h e  middle of each b i t  ( r e f e r  t o  t h e  t iming diagram below). 
Timing P u l s e s  




Figure  V-15. Bi-Phase L Format . 
The d a t a  i s  pu t  i n t o  bi-phase L form wi th  a n  exc lus ive  
OR c i r c u i t .  
(7) Monitor 
The Monitor provides t h e  c a p a b i l i t y  of d isplaying any 
prese lec ted  work i n  d i g i t a l  form on lamps and of monitoring the  system operat ion.  
The monitor a l s o  provides a s e l f  check f o r  the  PCM System when t h e  PCM c a l i b r a t i o n  
s i g n a l  i s  se lec ted .  
The bi-phase L word i s  converted t o  NRZ form s o  t h a t  
t h e  se lec ted  d a t a  word may be displayed as a 13-bit binary word. 
(8) Channel Se lec t ion  and Decision Logic 
The Channel Se lec t ion  and Decision Logic funct ion provides 
t h e  cor rec t  address f o r  t h e  p a r t i c u l a r  analog o r  d i g i t a l  da ta  l i n e  t o  be  mult- 
iplexed and a d j u s t s  the  frame s i z e  by determining which scat terometers  are i n  
opera t ion during each mission. 
A word counter i s  provided t o  count which d a t a  o r  house- 
keeping word i s  being se lec ted .  The output  of t h e  word counter i s  converted 
t o  t h e  c o r r e c t  code which addresses t h e  se lec ted  analog o r  d i g i t a l  channel. 
The address code is  a 9-bit word. The explanation of t h e  
code may be f a c i l i t a t e d  with the  use  of a set of t r u t h  tables .  
TABLE V-6 
A 1  A2 A 3  
Module 1 1 0 0  
Module 2 0 1 0  
Module 3 1 1  0 
D i g i t a l  Data 0 0 1 
TABLE V-7 
A3 A4 A5 
1st Ten 0 0 0 
2nd Ten 0 1 0 
3rd Ten 0 0 1 
4 t h T e n  0 1 1 
B i t s  A l ,  A2 and A3 ( r e f e r  t o  Table V-6) address t h e  
select-one-of-three module. When A3 i s  a 'I1, t h e  b i - level  ( d i g i t a l )  words a r e  
gated i n t o  the s to rage  reguster ,  When A3 i n  ' O f ,  one of t h e  select=one-of- 
four  modules i s  chosen by A l  and A2,  
B i t s  A4 and A5  address t h e  select-one-of-four module 
se lec ted  by b5 t s  A l  and A2. One of t h e  four  groups of t e n  a r e  se lec ted  by A4 and 
A 5  ( r e f e r  t o  Table V-7). 
The remaining b i t s  a r e  used t o  s e l e c t  t h e  ind iv idua l  analog 
d a t a  l i n e  des i red .  Each group of t en  l i n e s  i s  subdivided i n t o  two groups of 
f ive .  B i t  A6  determines which subgroup of f i v e  is  se lec ted  and A7 through A9 














The v a r i a b l e  frame s i z e  is control led  by t h e  i n t e r l q c k  
l i n e s  from each scat terometer .  The c o r r e c t  subgroups-of-five a r e  i n h i b i t e d  
when t h e  Decision Logic senses unused d a t a  l i n e s .  
Control Logic and System Timing 
This funct ion develops a l l  of t h e  l o g i c  and timing 
s i g n a l s  necessary t o  make t h e  PCM subsystem opera te  cor rec t ly .  
The Signals  developed wi th in  t h i s  function include: 
e The Master Clock 
e The sample and hold commands f o r  t h e  Sample and 
Hold funct ion 
e The Convert Command and Conversion Complete pulse  
f o r  the  A/D converter  function. The convert Command 
begins conversion and t h e  end of conversion is  
signaled by t h e  conversion complete pulse. 
o The Sync Command f o r  t h e  Sync Word Generator - 
i n i t i a t e s  t h e  sync words. 
e The S h i f t  Out Command f o r  the  Storage Regis ter  - 
commands t h e  d a t a  t o  s h i f t  ou t  of t h e  Storage Register .  
e The Signal  Source Command - con t ro l s  t h e  encoded d a t a  
input  t o  t h e  Gating function. 
(10) Signal  ' Conditioner 
The Signal  Conditioner has  th ree  primary functions:  
(1) i t  decommutates t h e  ADAS s i g n a l ,  (2) it encodes the  reference  frequencies 
from t h e  Angle Frequency Generator, and (3)  i t  encodes t h e  subcar r i e r  information 
from the.400 MHz scat terometer  c a l i b r a t i o n  channel. 
The ADAS da ta  is  deeommutated and the  information t h a t  
i s  t o  be  used as p a r t  of t h e  sca t terometer  d a t a  is inse r t ed  i n  p a r a l l e l  format 
i n t o  a s to rage  r e g i s t e r  which is  updated a t  t h e  same r a t e  t h e  ADAS i s .updated.  
The output  of t h e  r e g i s t e r s  a r e  clocked i n t o  t h e  da ta  stream i n  s e r i a l  form as 
p a r t  of t h e  b i - level  ( d i g i t a l )  da ta .  
The frequency pulse  t r a i n  from each of t h e  t h r e e  Angle 
Frequency Generators i s  counted f o r  10 msec. The p a r a l l e l  output  of t h e  counters 
are i n s e r t e d  i n t o  t h e  da ta  stream. 
The subcar r i e r  information representing the  t h r e e  Auto 
pos i t ions  of t h e  Mode switch and t h e  s i x  gain  pos i t ions  of both t h e  hor izon ta l  
and v e r t i e a l  channels from t h e  400 MHz scat terometer  a r e  encoded i n  t h e  following 
manner : 
o The code i s  1 of 3, 1 of 6 and 1 of 6 
e The t o t a l  number of b i t s  used is  e igh t  
The form i s  c o n t r o l  b i t ,  annotat ion b i t ,  two b i t  
code, spare,  t h r e e  b i t  code, spare,  th ree  b i t  code, 
spare ,  and a c o n t r o l  b i t  
3. Display Subsystem 
The purpose of the  Display Subsystem i s  t o  provide an i n v e s t i g a t o r  
wi th  t h e  c a p a b i l i t y  of viewing processed scat terometer  data  i n  r e a l  t i m e .  The 
system can simultaneously d isplay  up t o  e i g h t  d a t a  curves i n  any combination of 
sigma-zero versus inc iden t  angle and sigma-zero versus  distance-history.  (Refer 
t o  Drawing No. SK742B1009). 
I n  addi t ion ,  t h e  Display Subsystem has  t h e  capab i l i ty  of super- 
imposing an image of t h e  t e r r a i n ,  da ta  from o ther  sensors,  o r  no ta t iona l  d a t a  
upon t h e  scat terometer  data  being displayed through t h e  use of a t e l e v i s i o n  camera 
and monitor. A l l  of t h e  information displayed upon t h e  t e l e v i s i o n  monitor is 
recorded on a video tape  recorder. 
The Display Subsystem c o n s i s t s  of t h e  following functions:  - 
e Programmable Control Unit 
e In tegra to r s  
e Curve Generator/Log Generator 
e Grid Generator 
e AnglelDistance Computer 
e Symbol Generator 
o Scan Converters 
e Fader-switcher 
e TV Camera 
o TV Monitor 
o Video Recorder 

a. Programmable Control Unit' 
The Programmable Control Unit permits se lec t ion  o f . a n y  
combination of e igh t  of t h e  84  preprocessor da ta  l i n e s  a s  sigma-zero verus 
inc iden t  angle curves (a t o t a l  of 8 poss ib le)  and a s  sigma-zero versus 
d is tance-his tory  curves (84 curves ava i l ab le ) .  
This funct ion a l s o  selects the  numeric symbol used f o r  curve 
i d e n t i f i c a t i o n ,  determines t h e  s c a l e s  f o r  t h e  X and Y axes, and s e l e c t s  t h e  
des i red  i n t e g r a t i o n  (averaging) t i m e  f o r  each data  curve. 
The Programmable Control Unit i s  based upon a patch board 
concept u t i l i z i n g  one matrix f o r  t h e  X-axis, one matrix f o r  t h e  Y-axis, and an  
a r r a y  of three-posit ion switches f o r  t h e  z ~ a x i s  ( r e f e r  t o  Figure V-16). 
The X-axis matr ix  permits s e l e c t i o n  of t h e  des i red  s c a l e  f o r  
t h e  distance-history curves i n  n a u t i c a l  m i l e s  per  d iv is ion.  The range is from 
0.1 t o  10.0 N M / D ~ v .  The des i red  s c a l e  f a c t o r  f o r  each scat terometer  system is 
patched t o  t h e  numeric ind ica to r  chosen by t h e  Y-axis matrix. The s c a l e  f o r  
sigma-zero versus inc iden t  angle i s  fixed. 
The Y-axis matr ix  permits s e l e c t i o n  of:  
e The scat terometer  from which t h e  da ta  i s  t o  be displayed. 
e Whether t h e  da ta  i s  t o  be  displayed a s  a sigma-zero verus 
inc iden t  angle curve o r  a sigiaa-zero versus distance-history 
curve 
e The i n t e g r a t i o n  (averaging) time constant  f o r  each of 
t h e  d isplay  curves 
e The numeric i d e n t i f i e r  f o r  each curve displayed 
The Y-axis matrix connects t h e  des i red  s i g n a l  l i n e s  i n t o  t h e  
s e l e c t e d  in tegra to r s  and chooses which numeric character  is  used t o  designate 
each se lec ted  curve. 
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The Z-axis switches a r e  used t o  provide t h e  cor rec t  
timing f o r  enabling t h e  scan converter  WRITE command. The timing requirements 
are d i f f e r e n t  f o r  t h e  two modes of opera t ion (sigma-zero versus  inc ident  angle 
and sigma-zero versus distance-history).  The Z-axis switches cons i s t  of one 
three-posi t ion  switch f o r  each da ta  curve, The switch pos i t ions  a re :  (1) 
Distance-History, (2) OFF, and (3) Sigma-zero. 
b. Averagers 
Eight d i f f e r e n t  averaging t i m e s  a r e  a v a i l a b l e  f o r  each of 
t h e  d a t a  l i n e s  t h a t  a r e  se lec ted  f o r  d isplay .  The averaging time constants  
range from 75 mil l iseconds t o  10 seconds and a r e  obtained by simple s ingle-  
s e c t i o n  RC lowpass f i l t e r s .  
c. Curve ~ e n e r a t o r / ~ o g  Generator 
The b a s i c  funct ion of t h e  Curve Generator is  t o  combined a l l  
of t h e  s i g n a l s  required t o  place t h e  d i sp lay  on t h e  Scan Converters. 
The Curve Generator accepts  d a t a  inputs  from t h e  Averagers, 
d i sp lay  g r i d  information from t h e  Grid Generator, numeric information from 
t h e  Symbol Generator, and timing s i g n a l s  from t h e  A n g l e / ~ i s t a n c e  Computer. The 
Curve Generator then suppl ies  t h e  required  s i g n a l s  t o  t h e  X, Y ,  and Z axes of 
t h e  Scan Converters i n  t h e  proper t i m e  sequence. The Y-axis information is f i r s t  
routed through t h e  Log Converter so t h a t  t h e  da ta  i s  displayed i n  decibels iversus  
inc iden t  angle and/or distance.  
d. Grid Generator 
The Grid Generator supp l ies  t h e  analog vol tages  required  t o  
develop t h e  d isplay  g r id  t h a t  is drawn on the  face  of the  Scan Converters. Data 
is not  displayed during t h e  t i m e  t h e  g r i d  i s  being drawn. The g r i d  is redrawn 
a f t e r  each erasure  of the  Scan Convertors, 
The Grid is drawn two l i n e s  a t  a t i m e ,  one hor izon ta l  and one 
v e r t i c a l ,  beginnning a t  t h e  upper l e f t  corner of the screen. A l i n e a r  sawtooth 
vo l t age  is  developed t o  genera te  t h e  gr id .  The sawtooth is a l t e r n a t e l y  applied 
t o  t h e  X and Y a x i s  a t  a 1000 Hz r a t e  ( t h e  chopping frequency and sawtooth 
frequency should n o t  b e  harmonical ly  r e l a t e d ) .  
The s t a r t i n g  p o i n t  f o r  each p a i r  of g r i d  l i n e s  is pos i t i oned  
by d ig i ta l - to-ana log  conver t ing  t h e  ou tpu t  of  t h r e e  f l i p - f lops .  The f l i p -  
f l o p s  a r e  set i n  t h e  c o r r e c t  s t a t e  by t h e  same o s c i l l a t o r  t h a t  gene ra t e s  t h e  
sawtooth ( f o r  example, t h e  p u l s e  developed on base  one of a u n i j u n c t i o n  sawtooth 
gene ra to r ) .  
e. Angle/Distance Computer 
The Angle/Distance Computer s u p p l i e s  t h e  c o r r e c t  t iming  f o r  
t h e  d i s p l a y  of sigma-zero ve r sus  i n c i d e n t  a n g l e  and sigma-zero ve r sus  d i s t ance -  
h i s  to ry .  
Sigma-zero v e r s u s  i n c i d e n t  ang le  curves are p l o t t e d  by 
sampling t h e  proper  i n c i d e n t  ang le  f i l t e r  as eachAY* passes  over  a g iven  ground 
cell?. (A c l e a r e r  understanding may b e  had by cons ider ing  t h e  t iming r e q u i r e d  
t o  c o l l e c t  d a t a  from t h e  same s p o t  on t h e  ground as t e n  i n d i v i d u a l  an tennas ,  
each  a t  a d i f f e r e n t  i n c i d e n t  angle ,  subtend  t h e  d e s i r e d  spot ) .  
The c o r r e c t  t iming i s  developed by conver t ing  t h e  a i r c r a f t  
v e l o c i t y  and a l t i t u d e  t o  a frequency p r o p o r t i o n a l  t o  v e l o c i t y / a l t i t u d e .  The 
frequency thus  developed is counted and when t h e  count reaches  t h e  correct:  
I 
v a l u e  f o r  each i n c i d e n t  angle ,  t h e  v o l t a g e  from t h e  proper  f i l t e r  is  sampled 
and d i sp l ayed  as a d a t a  poin t .  
For t h e  sigma-zero v e r s u s  d i s t ance -h i s to ry  curves,  a frequency 
r e p r e s e n t i n g  a i r c r a f t  veooci ty  is  counted. The running t o t a l  is conver ted  t o  
an  analog v o l t a g e  which s u p p l i e s  t h e  d r i v e  f o r  t h e  X-axis of  t h e  scan  conver te rs .  
S c a l e  changes are made by simply d iv id ing  t h e  frequency r ep resen t ing  v e l o c i t y  
t o  t h e  v a l u e  des i r ed .  
f .  Symbol Generator  
Each curve  t h a t  is  d i sp l ayed  is i d e n t i f i e d  by a numeric symbol. 
The sigma-zero ve r sus  i n c i d e n t  ang le  curves  a r e  descr ibed  by t e n  unconnected p c i a t s  
(one f o r  each inc iden t  angle) ,  The numeric i d e n t i f i e r  is  a l s o  the  d a t a  points.  
The sigma-zero versus distance-history curves a r e  continuously drawn durves 
t h a t  a r e  i d e n t i f i e d  with the  se lec ted  numeric symbol a t  four  po in t s  during each 
sweep. 
The Symbol Generator is  a seven segment numeric charac te r  
generator  such a s  t h e  Fa i rch i ld  3250. A four-bi t  binary word i s  supplied t o  the  
Symbol Generator t o  develop t h e  des i red  numbers, The words a r e  i n s e r t e d  i n  
s e r i a l  form, t h e  b i t s  i n  p a r a l l e l  form. The outputs  of t h e  3250 c o n t r o l  t h e  
d e f l e c t i o n  of t h e  X and Y-axis and t h e  unblanking t h e  Z-axis. The pos i t ion  of - 
t h e  characters  a r e  con t ro l l ed  by t h e  curve generator. 
g. Scan Converters 
The Scan Converters provide two functions:  (1) t h e  memory 
required  t o  s t o r e  each point  of a sigma-zero versus inc ident  angle  curve ( t h e  
memory c a p a b i l i t y  must be a t  l e a s t  6 minutes) and (2) a s tandard EIA 525 line160 
f i e l d  t e l e v i s i o n  s i g n a l  t o  permit a l a r g e r ,  b r igh te r  d isplay  on a t e l e v i s i o n  
monitor. 
Two Scan Converters a r e  required t o  permit unambiguous viewing 
of e igh t  d a t a  curves simultaneously and t o  permit e rasure  of some of t h e  
displayed information while r e ta in ing  t h e  remaining information (an e n t i r e  scan 
t 
converter  must be  erased; i.e., s e l e c t i v e  eras ing i s  not  ava i l ab le ) ,  
t 
i 
The Scan Conver ters .are  Tektronix Type 24501 may b e  found i n  
t h e  Tektronix I n s t r u c t i o n  Manual No. 070-0943-00. 
The Scan Converter i s  an analog memory device t h a t  has a 
readout i n  t h e  form of a composite t e l e v i s i o n  s igna l  t h a t  conforms t o  a 
standard E I A  525 l ine /60  y i e l d  t e l e v i s i o n  s igna l .  The memory c a p a b i l i t y  i s  
provided by u t i l i z i n g  a b i s t a b l e  s to rage  tube. 
The READ/WRTTE funct ions  a r e  accomplished by time-sharing 
a s i n g l e  e l e c t r o n  gun. I n  t h e  WRITE mode, t h e  e lec t ron ics  emitted by t h e  gun 
a r e  acce le ra ted  f a s t  enough t o  c r e a t e  secondary emission a t  t h e  po in t  of 
impact upon t h e  negat ively  charged CRT face .  The uncovered p o s i t i v e  charges 
then c r e a t e  t h e  des i red  image. The d i sp lay  i s  w r i t t e n  on t h e  face  of t h e  CRT 
with the  same scan format (525 l ines /60  f i e l d s )  used when reading t h e  d isplay .  
I n  t h e  READ mode t h e  readout is  accomplished by scanning t h e  
CRT with a t e l e v i s i o n  r a s t e r .  The necessary sync, blanking and r a s t e r  vol tages  
a r e  developed wi th in  t h e  Scan Converter. 
Erasing i s  accomplished by turning on the  f lood guns which emit 
low ve loc i ty  e lec t rons .  The e lec t rons  n e u t r a l i z e  t h e  p o s i t i v e  charges on t h e  
CRT thus eras ing t h e  display.  
h. Fader / Swit cher 
The Fader/Switcher provides t h e  c a p a b i l i t y  of independently 
ad jus t ing  t h e  i n t e n s i t y  of t h e  s i g n a l s  from each scan converter  and the  t e l e v i s i o n  
camera t o  al low t h e  des i red  con t ras t  t o  be  s e t  (using t h e  t e l e v i s i o n  monitor) 
p r i o r  t o  recording. 
The i n t e n s i t y  of t h e  Scan Converter and t h e  TV camera are 
ad jus ted  by two independent s e t  of controls .  Each set cons i s t s  of an i n t e n s i t y  
adjustment f o r  each Scan Convertor and t h e  TV camera. A p a i r  of two pos i t ion  
switches a r e  used t o  connect theoutputs of each set of con t ro l s  t o  e i t h e r  t h e  
t e l e v i s i o n  monitor o r  t h e  video tape  recorder.  
i. Television Monitor 
The function of t h e  Televis ion Monitor is  t o  provide: 
e A l a r g e r ,  b r i g h t e r  d i sp lay  
e The capab i l i ty  of combining t h e  Scan Converter 
d isplays  onto a s i n g l e  d i sp lay  
The c a p a b i l i t y  of superimposing images from t h e  TV 
camera 
The c a p a b i l i t y  of replaying t h e  video t ape  on t h e  ground. 
j. Video Tape Recorder 
The funct ion of t h e  Video Tape Recorder i s  t o  provide: 
e A permanent record of t h e  da ta  displayed on t h e  Scan 
Convertors and Television Monitor 
e I n s t a n t  playback of d a t a  
e Frame by frame playback of data.  
k. Television Camera 
The funct ion of t h e  Televis ion Camera is t o  provide t h e  
c a p a b i l i t y  of superimposing images from o ther  sensors o r  t h e  t e r r a i n  upon t h e  
processed scat teroineter  data.  
4. Data Ver i f i ca t ion  Subsystem 
The Data Ver i f i ca t ion  Subsystem provides rea l t ime and recorded 
information concerning t h e  s t a t u s  of c e r t a i n  por t ions  of t h e  system ( re fe r  t o  
Drawing No. SK74231006). This subsystem permits the  operator  t o  determine i f :  
e The c a l i b r a t i o n  signal-to-noise f l o o r  r a t i o  has  changed 
e Signal  s a t u r a t i o n  has occured. 
a. .Ca l ib ra t ion  Signal-to-Noise Floor Ratio 
A lowpass f i l t e r  i d e n t i c a l  t o  t h e  angle of incidence f i l t e r s  
is  placed around t h e  c a l i b r a t i o n  s igna l .  The s i g n a l  is  detected and smoothed 
with an RC lowpass f i l t e r  t h a t  has a t en  second time constant ,  
The DC vol tage  represent ing t h e  c a l i b r a t i o n  s i g n a l  is divided 
by t h e  DC vol tage  representing t h e  no i se  f l o o r .  The r e s u l t i n g  r a t i o  i s  applied 
t o  a dual  l e v e l  threshold detec tor .  The output  of the  threshold de tec to r  i s  
connected t o  a NOR gate.  When t h e  r a t i o  goes beyond t h e  "window" of the  threshold 
de tec to r ,  a  "GO" l i g h t  is  extinguished. The two detected s igna l s  and t h e  r a t i o  
lnformatfon is s e n t  t o  t h e  PCM Subsystem. f o r  recording. 

A NO-GO cond i t i on  may i n d i c a t e ,  among o t h e r  th ings :  
e Change i n  n o i s e  f i g u r e  of t h e  sca t t e rome te r  
e Large g a i n  change i n  one of t h e  sca t t e rome te r  channels  
w i th  r e s p e c t  t o  t h e  o t h e r .  
b. S igna l  S a t u r a t i o n  
The ou tpu t s  of t h e  sca t t e rome te r s  a r e  suppl ied  t o  a b i a s e d  
d iode  network. The d iodes  are used t o  i s o l a t e  t h e  s i g n a l  l i n e s  from each o t h e r -  
( t hey  a c t  as an  OR g a t e  and as peak d e t e c t o r s ) .  
The output  of t h e  d iode  network i s  compared t o  a predetermined 
vo l t age .  When t h a t  v o l t a g e  l e v e l  is  reached,  t h e  comparator ou tput  swings t o  
p l u s  f i v e  v o l t s  and causes t h e  "GO" l i g h t  t o  be ext inguished.  
A NO-GO cond i t i on  i n d i c a t e s  t h a t  t h e  output  of t h e  s c a t t e r -  
ometer i s  about  t o  go i n t o  s a t u r a t i o n .  
5. Frequency-Division Mul t ip l exe r  Subsystem 
The func t ion  of t h e  Frequency-Division Mul t ip lexer  (FDM) is  t o  p l a c e  
a l l  of t h e  unprocessed sca t t e rome te r  d a t a  onto  one channel of t h e  onboard t a p e  
I 
recorder .  The FDM then provides a sou rce  of backup d a t a  ( r e f e r  t o  Drawings 
No. SK742B1004 and SK742B1005). 
The FDM con ta ins  an  o s c i l l a t o r ,  harmonic genera tor ,  s ingle-s ideband 
modulators (balanced modulators f o r  the 400 MHz system), and a summing ampl i f i e r .  
A l l  t h e  spectrums a r e  cen te red  around s u b c a r r i e r s  of d i f f e r e n t  
f r equenc ie s  and then  summed toge the r  a t  t h e  summing ampl i f i e r .  The r e f e r e n c e  
o s c i l l a t o r  f requency (448 KHz) i s  inc luded  as part of  t h e  output  d a t a  t o  permit  
demul t ip lex ing  r e g a r d l e s s  of t a p e  speed v a r i a t i o n s .  


a. Subcarr ier  Generation 
The subcar r i e r s  a r e  derived from a s i n g l e  448 KHz c r y s t a l  
o s c i l l a t o r  t o  prevent poss ib le  overlapping of spectrums due . to  frequency d r i f t .  
The reference  o s c i l l a t o r  frequency is  divided down t o  3.5 KHz by a z7 d i v i d e r  
network. 
The 3.5 KHz frequency is  converted t o  a s e r i e s  of impulses by 
a pu l se  generator.  These pulses  a r e  then used t o  d r i v e  a Harmonic Generator 
which c r e a t e s  the  des i red  subcar r i e r s .  
Each s u b c a r r i e r  i s  passed through a narrowband bandpass f i l t e r  
(Crys ta l  f i l t e r )  t o  e l imina te  harmonic and spurious frequencies. The sub- 
c a r r i e r s  f o r  t h e  13.3 GHz and 1.6 GHz sca t terometers  a r e  then developed i n t o  
t h e  quadrature p a i r s  necessary f o r  single-sideband modulation. 
Each s u b c a r r i e r  i s  spaced such t h a t  a guard band of 2.5 KHz 
occurs between each spectrum. The t o t a l  frequency range of t h e  multiplexed 
d a t a  is  l e s s  than one octave  t o  prevent  harmonics of one subcar r i e r  from l y i n g  
i n  t h e  spectrum of another. 
b. Frequency Trans la t ion  
The outputs  of t h e  13.3 GHz and 1.6 GHz sca t terometers  a r e  
t r a n s l a t e d  up t o  t h e  s u b c a r r i e r  frequency by single-sideband modulation. This 
process is  s i m i l a r  t o  t h a t  which t akes  p lace  i n  t h e  Direction-sensors except  
no AGC i s  required.  The spectrums a r e  unfolded (Direction-Sensed) and are 
r e p l i c a s  of t h e  spectrums a t  t h e  inpu t  t o  t h e  scat terometer .  
The 400 MHz sca t terometer  spectrums a r e  t r a n s l a t e d  t o  the 
s u b c a r r i e r  frequency through t h e  use  of balanced mixers. The s u b c a r r i e r  spacing 
al lows f o r  double-sideband s igna l s .  
c ,  Summing Amplifier 
The Summing Amplif ier  vol tage  sums a l l  of the  s p e c t r a  together  
and prnvides a low Smpedance output  t o  d r i v e  t h e  t ape  recorder. S u f f i c i e n t  ga in  
i s  provided t o  ensure  good record ing  l e v e l s .  The dynamic range of t h e  a m p l i f i e r  
must b e  a t  l e a s t  60 db. 
d. Frequency-Division Demult iplexer  
One technique of demul t ip lex ing  t h e  unprocessed d a t a  is dep ic t ed  
i n  Drawing No. SK542B1005. 
The 448 KHz i s  f i l t e r e d  from t h e  t ape  and used t o  gene ra t e  
a quadra tu re  p a i r  of s i g n a l s  t h a t  are at t h e  d e s i r e d  s u b c a r r i e r  frequency. T h e -  
quadra tu re  s i g n a l s  a r e  used i n  conjunct ion  w i t h  balanced mixers t o  t r a n s l a t e  
t h e  d e s i r e d  spectrum t o  i t s  o r i g i n a l  c a r r i e r  frequency (zero  Hertz  o r  500 Her tz ) .  
The output  of t h e  mixers a r e  f i l t e r e d  by a s i x  p o l e  LPF, such as a low-pass 
Chebishev, t o  remove t h e  unwanted spectrums. 
The i s o l a t e d  spectrum i s  then  t r a n s l a t e d  up t o  an I.F. of 20 
KHz and Direction-sensed. The 20 KHz 1.F. i s  chosen t o  b e  compatib1.e w i t h  
e x i s t i n g  NASA hardware. 
D. SPECIFICATIONS 
S p e c i f i c a t i o n  numbers 74261-1 through -6 have been rev ised  and are 
inc luded  a s  p a r t  of t h e  f i n a l  r e p o r t  f o r  t h e  sake  of completeness,  
The system s p e c i f i c a t i o n  is w r i t t e n  t o  f u l l y  d e f i n e  t h e  ope ra t ion  of t h e  
system. The subsystenl s p e c i f i c a t i o n s  are w r i t t e n  t o  completely d e f i n e  t h e  
o p e r a t i o n  of t h e  major func t ions  of each subsystem. 
Each s p e c i f i c a t i o n  is d iv ided  i n t o  t h r e e  p a r t s :  
1. The i n p u t  c h a r a c t e r i s t i c s  
2. The t r a n s f e r  c h a r a c t e r i s t i c s  
3. The ou tpu t  c h a r a c t e r i s t i c s  
which, when combined wi th  t h e  a p p l i c a b l e  documents t h a t  a r e  l i s t e d ,  completely 
d e f i n e  t h e  s u b j e c t  of t h e  s p e c i f i c a t i o n .  
SPECIFICATION FOR A SCATTEROMETER PREPROCESSOR 
SPECIFICATION NO. 74261-1, REVISION A 
1.0 SCOPE: This  s p e c i f i c a t i o n  d e f i n e s  an a i rbo rne  sca t t e rome te r  d a t a  
preprocessor  which w i l l  r e s u l t  i n  t h e  reduct ion  of ground-based 
d a t a  process ing  time f o r  t h e  NASA mult i -sensor  s ca t t e rome te r  system. 
1.1 APPLICATION: The need f o r  more and v a r i e d  processed d a t a  from t h e  
remote senso r s  on t h e  NASA Remote Sensor A i r c r a f t  has  i nc reased  w i t h  
t h e  r a p i d  growth of t h e  Ea r th  Resources Program. Processing t h e  
i n c r e a s i n g  amounts of d a t a  i n  u seab le  form f o r  t h e  s c i e n t i f i c  community 
is  becoming a major problem. 
The need f o r  immediate informat ion  even i n  q u a l i t a t i v e  form a l lows  t h e  
i n v e s t i g a t o r  t o  proceed w i t h  h i s  i n v e s t i g a t i o n  u n t i l  t h e  informat ion  
i s  q u a n t i t i v e l y  processed. This  need s h a l l  b e  suppl ied  by a quick-look 
f e a t u r e  which al lows t h e  o p e r a t o r  and/or  t h e  i n v e s t i g a t o r  i n  t h e  air- 
c r a f t  t o  view t h e  b a c k s c a t t e r i n g  c o e f f i c i e n t  versus  i n c i d e n t  a n g l e  and 
d i s t a n c e  h i s t o r y  informat ion  from a p a r t i c u l a r  s i te  of i n t e r e s t .  
2.0 'APPLICABLE DOCUMENTS: The fo l lowing  documents c o n s t i t u t e  a p a r t  of 
t h e  s p e c i f i c a t i o n .  Should c o n f l i c t i n g  requirements e x i s t  the 
requirements  of t h i s  s p e c i f i c a t i o n  s h a l l  govern. 
2.1 SPECIFICATIONS: 
M i l i t a r y  
- 
MIL-1-26600 I n t e r f e r e n c e  c o n t r o l  requirements ,  
Aeronaut ica l  Equipment 
NASA 
MSC ASP0 EMI-104 Addendum t o  MIL-1-26600 
74261-2 (Rev. A) Analog Preprocessor  Subsystem 
74261-3 (Rev. A) Frequency Divis ion  Mul t ip lexer  
74261-4 (Rev. A) Data V e r i f i c a t i o n  Subsystem 
74261-5 (Rev. A) Pulse Code Modulator Subsystem 
74261-6 (Rev, A) Display Subsys tem 
Standards 
EIA - RS170 Television Standards 
REQUIREMENTS: 
GENERAL SPECIFICATION: Wherever possible all equipment shall be 
designed to good commercial practices. 
FUNCTIONAL CHARACTERISTICS: This system will process the data from 
any combination of three scatterometers which are currently in use 
by NASA-MSC. 
The scatterometers are listed as: 
e 400 MHz scatterometer, Emerson Electric 
s 1.6 GHz scatterometer, Teledyne Ryan Model 704. 
e Either the 13.3 GHz Scatterometer Teledyne Ryan Model REDOP I or 
the 13.3 GHz Scatterometer Teledyne Ryan Model 701. 
The total preprocessor system shall be capable of processing the data 
output of these scatterometers with the following results. 
1. Frequency division multiplex all unprocessed scatterometer outputs. 
These outputs shall be applied to a government furnished AR-1600 
recorder. Only one channel of the recorder shall be used for all 
the scatterometer data. 
2. Preprocess the data from the 400 MHz scatterometer by balanced 
mixing, filtering, normalizing and detecting. Preprocess the 
data from the REDOP I, Model 701 and 704 by direction-sensing, 
filtering, normalizing and detection. 
3 ,  Verify t h a t  t h e  da ta  measurement i s  va l id .  I n  t h e  400 GHz 
system, t h e  t ransmi t ted  and rece ived s i g n a l  l e v e l  monitors s h a l l  
have l i m i t s  s e t  on t h e  f luxua t ion  from nominal values.  The 
Teledyne Ryan systems have l i m i t s  set on t h e  r a t i o  of t h e  
c a l i b r a t i o n  l e v e l  from t h e  r e c e i v e r  no i se  l eve l .  I f  t h e s e  
l e v e l s  a r e  exceeded, a warning s h a l l  be promptly displayed on t h e  
appropr i a t e  panel. There s h a l l  a l s o  be a warning d i sp lay  which 
i n d i c a t e s  t h a t  t h e  inpu t  s i g n a l  l e v e l  is s u f f i c i e n t l y  excess ive  
t o  cause 0.5 db o r  g r e a t e r  compression i n  t h e  dynamic range of 
t h e  data.  
4. The output  of t h e  preprocessor  and d a t a  v e r i f i c a t i o n  subsystems 
s h a l l  be i n  d i g i t a l  form and phlse-code modulated f o r  time- 
d i v i s i o n  mul t ip lexing  on a s i n g l e  channel of the  government 
furn ished AR1600, t ape  recorder .  Appropriate a i r c r a f t  d a t a  from 
AN/ASQ-90 (a s  modif ied) ,  s h a l l  be  PCM and TDM f o r  dat.a annota t ion  
on t h e  AR 1600 t ape  channel. The manual i n s e r t i o n  of v e l o c i t y  and 
a l t i t u d e  d a t a  i n t o  t h e  PCM subsystems s h a l l  be possible.  
5. The preprocessed d a t a  s h a l l  be  displayed i n  t h e  a i r c r a f t .  Displays 
of up t o  e i g h t  p l o t s  of d i s t a n c e  h i s t o r y  p l o t s  and backsca t t e r ing  
cross-sec t ional  a r e a  va lues  s h a l l  be  poss ib le ;  e i t h e r  indiv-  
i d u a l l y  o r  up t o  a l l  e i g h t  simultaneously. Addit ional ly,  i t  s h a l l  
be  poss ib le  t o  mix these  on t o  a 14-inch TV monitor wliich has  t h e  
c a p a b i l i t y  of d isp laying  t h e  ground from which t h e  d a t a  is  being 
ext rac ted .  The displayed d a t a  s h a l l  be t ape  recorded f o r  
immediate o r  f u t u r e  p lay  back on a frame by frame continuous b a s i s .  
6. A ground based u n i t  t o  de-multiplex t h e  frequency-division mult- 
ip lexed d a t a  s h a l l  be provided. It s h a l l  be completely compatible 
wi th  t h e  a i rborne  equipment. 
3.2.1 : The preprocessor  system s h a l l  cons i s t  of t h e  sub- 
systems ou t l ined  i n  t h e  block diagram of SK742B1001, and l i s t e d  a s  
fol lows : 
FRiQUENCY 
D/y/S/QN 
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1, Frequency Div i s ion  l ' tu l t iplex Subsystem; S p e c i f i c a t i o n  No, 
74261-3 (Rev. A) 
2. Analog Sec t ion  Subsystem; S p e c i f i c a t i o n  No. 74261-2 ( ~ e v .  A) 
3. Data V e r i f i c a t i o n  Subsystem; S p e c i f i c a t i o n  No. 74261-4 ( ~ e v .  A) 
4. P u l s e  Code Mod Subsystem; S p e c i f i c a t i o n  No. 74261-5 (Rev. A) 
5. Disp lay  Subsystem; S p e c i f i c a t i o n  No. 74261-6 ' ( ~ e v .  A) 
3.2.2 Inpu t  S igna l s :  The i n p u t  s i g n a l s  t o  t h e  p rep roces so r  system i n c l u d e  
t h e  fo l lowing  ( s i g n a l  l e v e l s  a r e  r e f e r r e d  t o  a t  t h e  ou tput  of  the 
sca t t e rome te r s ) :  
3.2.2.1 400 MHz Sca t t e rome te r  
a. The fo l lowing  inpu t  channels  (1) t r a n s m i t  v e r t i c a l  p o l a r i z a t i o n ,  
r e c e i v e  v e r t i c a l  p o l a r i z a t i o n .  (2) .Transmit v e r t i c a l  p o l a r i z a t i o n ,  
r e c e i v e  h o r i z o n t a l ,  (3) t r a n s m i t  h o r i z o n t a l ,  r e c e i v e  p o l a r i z a t i o n ,  
(4) t r a n s m i t  h o r i z o n t a l ,  r e c e i v e  v e r t i c a l .  (Referred t o  as 
(1) Voltage: A G C ' ~  t o  nominal 0.9 v o l t s  RMS broad- 
band 
(2) Frequency Range: 20 Hz t o  1000 Hz 
(3)  Output Shape: A random v o l t a g e  frequency spectrum 
which i s  ske tched  below is  t y p i c a l  
b. Transmi t te r  Power Output Monitor Channel 
(1) Voltage: Nominal 1 .0 v o l t  RMS 
(2)  Frequency: 20 H z  t o  1000 I I z  
(3) Source of Impedance: Maximum r e s i s t a n c e  1000 ohms 
3.2.2.2 1.0 GHz Sca t te rometer  Ryan Model 704 
The fo l lowing  va lues  a r e  common t o  t h e  fou r  output  channels .  
a. Voltage: Maximum nominally 1.0 RMS broadband 
b. Frequency Range: 20 t o  2000 Hz 
c. Output Shape: Random v o l t a g e  frequency spectrum sketched 
, below: 
0 2.0 KHz 
d. The c a l i b r a t i o n  and coding s i g n a l s  a r e :  
Coding C a l i b r a t i o n  
T - R  S ine  Channel 
v v 
Cosine Channel 
T~ - 'h S ine  Channel 
Cosine Channel 
Th - Rh S ine  Channel 
Cosine Channel 



















3.2.2.3 13.3 GHz Sca t te rometer  Model 701: The o t ~ t p u t  and spectrum shape are 
similar t o  t h a t  of paragraph 3.3.2.2 except  t h e  frequency range is  
100 Hz t o  1 5  KHz. The coding and c a l i b r a t i o n  s i g n a l s  are as 
fo l lows  : 
Coding C a l i b r a t i o n  
a. T - Rv Sine  Channel None None 
v 
Cosine Channel 5.5,11.0,16.5 5.0,10.0,15.0 KHz 
KHz 
b. T v - R h  S i n e c h a n n e l  None None 
Cosine Channel 5.5, 11.0, 5.0, 10.0, 15.0 
16.5 KHz IZHz 
c. Th - Rh S ine  Channel 5.5, 11.0, None 
16.5 KHz 
Cosine Channel None 5.0, 10.0, 15.0 KHz 
d. Th - R S ine  Channel 5.5, 11.0, None 
v 16.5 KHz 
Cosine Channel None 5.0, 10.0, 15.0 KHz 
3.2.2.4 13.3 GHz Sca t te rometer  REDOP I: The output  of t h i s  s ca t t e rome te r  is 
s L m i l a r  t o  t h a t  descr ibed  i n  paragraph 3.3.2.3 except  
Coding C a l i b r a t i o n  
(1) Tv - Rv None 1 2  KHz 
(2) No o t h e r  channels  
3.2.2.5 The ADAS AN/ASQ-90 i n p u t  t o  t h e  preprocessor  is s p e c i f i e d  as fo l lows:  
(a)  Excess t h r e e  BCD (Binary-Coded Decimal) code 
(b) RTZ (Return t o  Zero) ou tpu t ,  5 v o l t  maximum 
(c) Sync pu l se  double ampli tude (10 v o l t s )  
(d) The b i t  assignment w i l l  b e  determined l a t e r  
3.2.2.6 Manual I n s e r t i o n  of Ve loc i ty  and A l t i t u d e  i n t o  t h e  preprocessor  s h a l l  
b e  by thumb wheels. The v e l o c i t y  range s h a l l  b e  from 100 t o  400 knots  i n  
one knot  increments.  The a l t i t u d e  s h a l l  be  from 10 t o  30,000 f e e t  
s e l e c t a b l e  i n  10 f e e t  increments ,  The v e l o c i t y  and a l t i t u d e  i n p u t  
s h a l l  b e  swi tch  c o n t r o l l e d ' t o  go from manual ope ra t ion  t o  t h e  auto- 
mat ic  ADAS system. 
3.2.3 Output S igna l s :  The ou tpu t  s i g n a l s  from t h e  system a r e  a s  fol lows:  
( r e f e r r e d  from t h e  ou tpu t  t e rmina l s  of t h e  preprocessor) .  
( a )  The output  of t h e  frequency d i v i s i o n  mul t ip lexer  f o r  a l l  
s ca t t e rome te r s  
(1) Voltage Level:  Nominal 1.0 Volt Rt'iS 
( l i n e  t o  l i n e )  
(2) Voltage Output: Balanced t o  provide 50 db common mode 
r e j e c t i o n .  
(3) Output Impedance: Maximum r e s i s t i v e  10 ohms 
(4) Frequency Range: 110 KHz t o  450 KHz 
(5) Output waveform and channel  assignment a r e  shown i n  F igu re  1. 
(b) The output  of t h e  PCM subsystems i s  1 3  b i t  b inary  B I  Phase-L 
(Manchester 11).  
(1) Output v o l t a g e  range  ze ro  t o  5  v o l t s .  ( s i n g l e  ended)l 
(2) Output impedance maximum r e s i s t i v e  1.0 ohm 
(3)  The b ina ry  frame format s p e c i f i e d  is depic ted  i n  Table 1. 
(4) The b ina ry  word d e s c r i p t i o n  s p e c i f i e d  is dep ic t ed  i n  Table 2. 
(c) The output  of t h e  d i s p l a y  system s h a l l  be  a s  fol lows:  
(1) A d i s p l a y  of t h e  s i g n a l  ve r sus  ang le  amplitude and d i s t a n c e  
J 
h i s t o r y  p l o t s  s h a l l  b e  provided on a 14 inch  (d iagonal  
measurement) TV monitor and on  two scan conve r t e r s .  The 
same TV monitor s h a l l  b e  capable  of d i sp lay ing  t h e  image 
of  t h e  ground over  which t h e  a i r c r a f t  t r ave r se s .  
a. Sca t te rometer  d i s p l a y  c h a r a c t e r i s t i c  
(1) Resolu t ion  100 l i n e  p a i r s  per  he ight  and 120 l i n e  
p a i r s  pe r  width. 
(2) L i n e a r i t y  2% of  h e i g h t  and width 
(3) I l l umina t ion :  b i - l e v e l  
(4) I l l u m i n a t i o n  l e v e l  s h a l l  b e  adequate f o r  t h e  
in tended  purpose insicle t h e  a i r c r a f t .  

(5) Data s t o r a g e  up t o  10  minutes s h a l l  b e  p o s s i b l e  
b. Ground Display C h a r a c t e r i s t i c s  
(1) Resolut ion s t a n d a r d  E I A  TV.525 Lines/GO f i e l d  scan.  
(2) Frame r a t e  - 60 frames per  second. 
c. The d a t a  which s h a l l  b e  d isp layed  s h a l l  be 8 d a t a  curves  
i n  any combination of sigma zero and d i s t a n c e  h i s t o r y  
p l o t s .  Typical  d a t a  a r e  s h o ~ m  i n  F igure  2. A sou rce  
s e l e c t i o n  swi tch  (pa t ch  board)  s h a l l  permit t h e  s e l e c t i o n  
of any 8 d a t a  curves  of  t h e  a v a i l a b l e  t o t a l  of 92 d a t a  
curves.  The pa tch  board s h a l l  a l s o  provide t h e  proper  
curve  i d e n t i f i c a t i o n  of averaging t i m e .  The Y a x i s  d i s p l a y  
s h a l l  be  i n  d e c i b e l s .  The X a x i s  d i s p l a y  s h a l l  be  i n  
i n c i d e n t  angle  and d i s t a n c e  i n  n a u t i c a l  mi l e s  per  d i v i s i o n .  
The d i s t a n c e  h i s t o r y  curve  s h a l l  be  cont inuously drawn l i n e  
and t h e  uo curve  d i s c r e t e  po in t s ,  
d.  Means s h a l l  b e  provided t o  combine and c o n t r o l  t h e  
s ca t t e rome te r  d i s p l a y  and t h e  ground image on t h e  TV 
monitor.  
e. The combined s c a t t e r o m e t e r s  and ground d i s p l a y  s h a l l  
be  recorded on a v ideo  r eco rde r .  The recorder  cha rac t e r -  
i s t i c s  a re :  
(1)  Video inpu t  impedance: r e s i s t i v e  70 ohms nominal 
(2) Frequency range: 4 Hz t o  4 MHz a t  t h e  3 db p o i n t s  
( 3 )  Capable of r eco rd ing  and playback of one frame a t  a 
time o r  cont inuous playback. 
(4) Minimum r e s o l u t i o n :  220 l i n e s  h o r i z o n t a l  pe r  frame; 
60 frames per  second. 
(5) Recording t ime - minimum of 60 minutes 
( 6 )  Compatible w i t h  E I A  s tandard  video playback u n i t s  
Figure 2, Data Displayed on Sean Converters 
, ( 7 )  Tape must be capable  of being played on a l i k e  
model r eco rde r  wi thout  video d e t e r i o r a t i o n .  
(8) An audio channel  s h a l l  be provided f o r  v e r b a l  
anno ta t ion .  
3.3 CONTROLS: The fo l lowing  c o n t r o l s  s h a l l  b e  provided. 
3.3.1 Access ib le  Cont ro ls :  The fo l lowing  c o n t r o l s  s h a l l  be  e a s i l y  a c c e s s i b l e  
and loca t ed  a t  a  c e n t r a l  c o n t r o l  panel .  
a. Power Switch Off - On - Standby 
b. V-H S e l e c t i o n  Switch - Time s h a r e  - Manual 
c. Thumb Wheel Inpu t  - Veloc i ty  
d. Thumb Wheel I n  
e. Pa tch  Board S e l e c t i o n  
1. By Switch: 
(a) Dis tance  H i s t o r y  
(b) Sigma Zero 
2. By Plug I n s e r t i o n :  
(a) Angle of Inc idence  
(b) I n t e g r a t i o n  Time 
(c)  X a x i s  d i s p l a y  of s c a l e  f a c t o r  n a u t i c a l  mi les  p e r  
d iv i s ion .  
f .  Tape Recorder: Record Stop - Play  - Rewind - Reverse-Advance 
g. Fee t  of t a p e  remaining 
h. Minutes of t a p e  remaining. 
i. Each of t h e  8 d i s p l a y  curves  s h a l l  have t h e  following swi t ch  
modes. 
I. Continuous sweep 
2,  Sweep Stop and Hold 
3. Sweep Off 
4. S i n g l e  Sweep 
j. There s h a l l  b e  two s e t s  of TV monitor  f a d e r  con t ro l s .  One f o r  
s e t t i n g  t h e  recorded images; t h e  o t h e r  f o r  continuous moni tor  
and c o n t r o l .  Each f a d e r  s h a l l  c o n t r o l  t h e  i n t e n s i t y  of t h e  
s i g n a l s  be ing  recorded o r  d i sp layed .  
1, A monitor  swi tch  s h a l l  b e  capable  of s e l e c t i n g  t a p e  r eco rde r  
f a d e r s  o r  monitor f a d e r s .  
2. A t a p e  r eco rde r  swi tch  s h a l l  be  capable  of s e l e c t i n g  t a p e  
r eco rde r  f a d e r s  o r  monitor f ade r s .  
k. Voice anno ta t ion  g a i n  c o n t r o l .  
3.3.2 Cont ro ls  I n f r e q u e n t l y  Adjusted 
The fo l lowing  c o n t r o l s  a r e  t o  b e  provided: they  s h a l l  b e  of dcrew 
d r i v e r  ad jus t ed  from t h e  f r o n t  panel .  
a. TV monitor  
1. Br ightness  
2. Hor izonta l  hold 
3.  Contrast: 
4. V e r t i c a l  s i z e  
5. Hor izonta l  s i z e  
6. Focus 
7. V e r t i c a l  l i n e a r i t y  
b. Tape Recorder - None 
c. TV Camera - None 
3.4 I n d i c a t o r s  - The fol lowing i n d i c a t o r s  s h a l l  be d isp layed:  
Lamp Tes t  
Data v e r i f i c a t i o n  a l l  s ca t t e rome te r  7 GO - STOP 
Power OFF - ON - STANDBY 
V-H Sec t ion  Switch - OFF - ON 
Recorder S t a t u s  - RECOJID - STOP - PLAY - REWIND, REVERSE 
FORWARD 
Tape s t a t u s  - f e e t  and minutes  t o  go 
Voice anno ta t ion  record  l e v e l  
TV monitor swi tch  p o s i t i o n  - TAPE RECORDER - TV MONITOR 
Tape monitor swi tch  p o s i t i o n ;  TASE RECORDER - TV MONITOR 
PCM s t a t u s  d i s p l a y  
3.4.1 Mechanical Design 
3.4.1.1 F a b r i c a t i o n  Technique 
The equipment s h a l l  b e  b u i l t  t o  b e s t  commercial p r a c t i c e s  and must 
b e  a b l e  t o  wi ths tand  and o p e r a t e  i n  t h e  a i r c r a f t  environment, The 
u n i t  s h a l l  be  modularized s o  t h e  system can o p e r a t e  w i t h  only one 
sca t t e rome te r  module o r  up t o  a l l  s ca t t e rome te r  module u n i t s  
employed s imultaneously.  
3.4.1,2 Mechanical 
a. The equipment s h a l l  b e  r a c k  mounted t o  b e  s p e c i f i e d  later. 
b. The equipment s h a l l  be  human engineered according t o  a 
s p e c i f i c a t i o n  t o  b e  determined. 
c. Color:  The equipment s h a l l  be  pa in t ed  a c o l o r  s p e c i f i c a t i o n :  
t o  be determined. 
d. The t o t a l  weight s h a l l  n o t  exceed 400 l b s .  
e. The i n p u t  power s h a l l  n o t  exceed 1000 v o l t  - amps a t  a frequency 
of 400 Hz nominally,  
ENVIRONMENTAL CONDITIONS 
1. The equipment s h a l l  w i ths t and  and meet t h e  performance requi re -  
ments, of t h e  s p e c i f i c a t i o n  wh i l e  ope ra t ing  i n  t h e  a i r c r a f t .  
The equipment s h a l l  be  designed t o  meet t h e  fol lowing environ- 
mental requirements .  
Operating: Under cont inuous opera t ion :  
Temperature Range 32OF t o  122OF 
Vibra t ion :  When normally mounted - +2g from 
5 t o  500 Hz 
Al t i t ude :  0 t o  10,000 f e e t  
Non-Operating: 
Temperature Range -54OF t o  l6O0F 
Vibra t ion :  When normally mounted - +2g from 
5 t o  500 Hz 
A l t i t ude :  0 t o  30,000 f e e t  
The equipment s h a l l  meet t h e  requirements  of t h e  EM1 and RF 
s p e c i f i c a t i o n  EMI-1OA MIL-1-26600 USAF a s  amended by MSC-ASPO. 
MAINTAINABILITY, RELIABILITY AND QUALITY ASSUliiWCE 
To be  determined, 
TABLE 1 
WORD ASSIGNMENT 
PCM FRAME FORJIAT 
Word - 1 
t o  
\?ord - 3 
Word - 4 
t o  
Word - 27 
Word - 28 
t o  
Word - 51 
Word - 52 
t o  
I?ord - 104 
Word - 105 
Word - 105 
t o  
Word - 123 
Word - 124 
Word - 126 and 127 
Nard - 128 and 129 
Word - 130 t o  135 
Word - 136 t o  141 
Word - 142 and 147 
Word - 148 t o  151 
Word - 152 t o  154 
Frame Sync 
. . (a) none-time share  - - 12 l i n e s  
13.3 GHz 
(b) Time share - - 24 l i n e s  
400 IdHz 52 l i n e s  
PCM Cal ib ra t ion  Signal  - - 1 l i n e  (6.820 VDC) 
1010 - Code 
Spares 
Scatterometers  S t a t u s  
Subcarr ier  Encoder 
Ai rc ra f t  v e l o c i t y  
Ai rc ra f t  A l t i t u d e  
Ai rc ra f t  At t i tude  
Date 
Mission Data 
I R I G  Time 
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Encoded Analog Data I n t o  
I 
I 




13. Control B i t  
SPECIFICATION FOR 
TIIE ANALOG PROCESSOR SUBSYSTEM 
SPECIFICATION NO. 74261-2, REVISION A 
SCOPE: This  s p e c i f i c a t i o n  d e f i n e s  t h e  performance c h a r a c t e r i s t i c s  
of t h e  Analog Sec t ion  of t h e  Sca t te rometer  Preprocessor  System, 
S p e c i f i c a t i o n  74261-1 (Rev. A ) .  
OBJECTIVE: This  subsystem i s  t o  preprocess  t h e  sca t t e rome te r  da ta .  
- 
APPLICABLE DOUCMENTS: Teledyne Ryan Speci . f icat ion No, 74261-1. 
- 
REQUIREMENTS: This  subsystem t a k e s  t h e . s i g n a l s  from a l l  t h e  s c a t t e r -  
ometers.  I t  d i r e c t i o n  senses  t h e  1.6 GHz and 13.3 GHz Sca t te rometer  
s i g n a l s  by mixing. A l l  t h e s e  s i g n a l s  a r e  then f i l t e r e d  t o  provide  
5 forward channels  and 5 a f t  channels  of ro d a t a ,  p lus  one a t  n a d i r  
f o r  t h e  400 MHz sca t te rometer .  The f i l t e r e d  d a t a  is  normalized t o  
antenna ga in  and a i r c r a f t  parameters .  Af te r  normalizat ion,  t h e  
s i g n a l s  a r e  averaged and s e n t  t o  t h e  d i s p l a y  subsystem and t h e  PCM 
subsystem. A bloclc diagram i s  shown i n  SK742B1002. 
3.1.1 Input  S igna l s :  I d e n t i c a l  t o  S p e c i f i c a t i o n  74251-1 (Rev. A) paragraph 
3.2.2. 
3.1.2 Output S igna ls :  
a. Master frequency output  t o  PCM from t h e  Angle Frequency 
Generators .  
Output: DTL 
Frequency 13.3 GHz Sca t te rometer :  3.84 t o  4.052 MHz 
(150-300 
Kr~ots )  1.6 GHz Sca t te rometer :  6 .534. to 6.792 MHz 
400 MHz Sca t te rometer :  1.674 t o  1.700 MHz 
b .  The processed output  from each  sca t t e rome te r  w i l l  be: 

1. Voltage: Slowing varying  dc. 
2,  Output Impedance: Maximum r e s i s t i v e  10 ohms 
3.1.3 Major Components 
a. Di rec t ion  sensor  wi th  automatic  ga in  cont ro l .  
b,  Mixer and low pass f i l t e r  
c ,  Normalizer 
d. I n t e g r a t o r  
e. Ca l ib ra t ion  r a t i o  computer 
f .  Angle frequency genera tor  
3.2 PERFORMANCE 
3.2.1 Direc t ion  Sensor: The d i r e c t i o n  sensor  s h a l l  be employed f o r  t h e  
1.6 GHz and 13.3 GHz sca t te rometers .  
.a. 13.3 GHz Scat terometers:  
:.. 1. Car r i e r  input:  
(a) Frequency - 49,044 Hz - 4- 2.5 Hz. 
(b) Voltage: DTL (Diode-Transistor Logic. A low o r  zero 
s t a t e  is < 0.45 v o l t s ,  a  high o r  one s t a t e  i s  >2.4 v o l t s  
wi th  -I-5.25 v o l t s  t h e  maximum) compatible square  wave 
wi th  inphase and quadra ture  outputs  ( s ine  and cos ine)  
(c) Impedance: DTL compatible 
2. S ignal  Input:  
(a) Voltage - magnitude 0.001 t o  1.0 VRMS 
(b) Phase: S ine  and Cosine quadrature p a i r s  
(c) Frequency Range: Min. 70 Hz; max. 20 KHz 
WTPUT TO M/n'ERS 
+ LOW PAS. /-/LTCRS 
(d) C a l i b r a t i o n  s i g n a l s  and coding s i g n a l  
3, T rans fe r  Funct ion:  
(a) AGC - t o  provide s i n e  and cos ine  channel power ba lance ;  
AGC time cons t an t  minimum 1 sec ,  c losed  loop  AGC g a i n  
g r e a t e r  t han  54 db. 
(b) Vout ( f )  forward d i r e c t i o n  = Vin ( fd  4- 49,044 Hz), d i f f e r e n c e  
of s idebands  
(c)  Vout ( f )  a f t  d i r e c t i o n  = Vin ( f f 49,044 Hz), sum of 
s idebands  
(d) C a l i b r a t i o n  s i g n a l  Vout = 0,707 - Vin 
Noise No is  e 
( e )  Frequency Response: - 4-45' a t  t h e  3 db po in t s .  
4. Output: 
(a) Voltage: Min 0.001 V; maximum 0 .1  V rms 
(b) Frequency: 49,044 Hz t o  64,044 Hz nominal 
(c) Vol tage  Frequency D i s t r i b u t i o n :  Random v o l t a g e  
frequency spectrum. 
(d) Impedance: R e s i s t i v e  10  ohm maximum 
(e) Phase Response: - +45' max from 25 t o  75 KHz. 
b,  1 .6  GHz Sca t t e rome te r  
The same as 3.2 . l .a except  'the ou tpu t  frequency range is 49,044 Hz 
t o  51,044 Hz nominal. 
3.2.2 Balanced Mixers: The balanced mixers  a r e  r equ i r ed  t o  t r a n s l a t e  t h e  
doppler  spectrum from t h e  400 EfHz s c a t t e r o m e t e r  up t o  t h e  I.F. of  
49,044 Hz. 
a. C a r r i e r  Inpu t :  
1. Frequencies:  48,944 Hz + 2.5 Hz and 49,544 Hz + 2.5 Hz, 
- - 
2. Voltage: DTL Compatible 
3. Impedance: DTL Compatible 
b. S i g n a l  Inpu t :  
1. Frequency: 5 Hz t o  5 KHz a t  t h e  3 db p o i n t s  
2 ,  Voltage: 1 .0  mv t o  1.0 v o l t s  RbfS 
3. C a l i b r a t i o n  s i g n a l  a t  1000 Hz 
c, Trans fe r  Funct ion:  
1. AGC - t o  provide  no rma l i za t i on  wi th  r e s p e c t  t o  t h e  c a l i b r a t i o n  
s i g n a l s .  Time c o n s t a n t l o n e  second. AGC g a i n  g r e a t e r  than  
54 db. 
2*  Vout ( f )  forward d i r e c t i o n  = V .  ( f d  + 49,044Hz); r e s u l t s  from i n  
t h e  mixing of  t h e  spectrum and 48,944 Hz. 
Vout  ( f )  a f t  d i r e c t i o n  = V ( f d  + 49,944 Hz); r e s u l t s  from t h e  i n  
mixing of t h e  spectrum and 49,544 Hz. 
. %  ... 3. Phase Locked Loop - t o  l o c k  c a r r i e r  f requency t o  1 IU-Iz 
c a l i b r a t i o n  s i g n a l .  Less  t han  one h e r t z  d r i f t .  
4. Frequency: 5 Hz t o  55 KHz a t  t h e  3 db p o i n t s .  
d. Output: 
1. Frequency: 49,044 Hz t o  49,544 Hz nominal 
2. Voltage:  1.0 m v  t o  1 .0  v o l t s  RMS 
3. Impedance: less t h a n  1 0  ohms r e s i s t i v e  
3.2,2 Mixer and Angle of Inc idence  F i l t e r  
The mixers  and a n g l e  of  i n c i d e n c e  f i l t e r s  a r e  s i m i l a r  f o r  a l l  
systems. Except f o r  t h e  400 MHz system which r e q u i r e s  a n a d i r  
f i l t e r  and t h e  1.6 GHz and 13 .3  GHz system which r e q u i r e  n o i s e  f l o o r  
and c a l i b r a t i o n  s i g n a l  f l o o r .  (The p o l a r i z a t i o n  coding s i g n a l  
is  handled a s  a PCM i n p u t  and i s  annota ted  i n  t h e  d a t a  word), 
a ,  S igna l  Input  Voltage: I d e n t i c a l  t o  t h a t  i n  paragraph 3.2.2, 
S p e c i f i c a t i o n  74261-1 (Rev. A) 
b. S igna l  Input  Impedance: Minimum r e s i s t i v e  10,000 ohms, 
c .  Anc i l l a ry  Inputs :  Angle Frequency Generator.  Refer  t o  t h e  
b lock  diagram of SK742Bl002. The a n g l e  frequency gene ra to r  
produces t h e  necessary  L.O. f requencies  f o r  t h e  c e n t e r  frequency 
of bandpass f i l t e r s .  (The mixer and low pass  f i l t e r  f u n c t i o n  a c t  ' 
as a bandpass f i l t e r  w i t h  c e n t e r  frequency a t  t h e  low frequency 
and t h e  bandpass equal  t o  tw ice  t h e  wid th  of t h e  low pass  f i l t e r ) .  
The L.0, frequency i s  c o n t r o l l e d  t o  provide f requencies  equ iva l en t  
t o  angles  of inc idence  of 5 . 7 ,  - 4-14.29, - 4-30', &45', 35" and - C56'.  
It a l s o  produces a f i l t e r  band pas s  f o r  t h e  c a l i b r a t i o n  s i g n a l s ,  
n o i s e  f l o o r  and f o r  t h e  400 MHz sca t t e rome te r ,  t h e  0' ang le  of 
incidence.  
d. A n c i l l a r y  Inpu t  Impedance compatible  w i t h  DTL, 
e. Anc i l l a ry  Input  Frequency 40.044 t o  65.000 KHz square-wave. 
f ,  T rans fe r  Funct ion 
(1) Gain 20 db nominal 




(3) Vout (0 = I10 V s i g  I [Vlo(f ) I  
2 v e l o c i t y  ( 4 )  F = - s i n  8* f49.044 KHz = l o c a l  o s c i l l a t o r  frequency 
wavelength -- 
where 8 *  = t h e  d e s i r e d  a n g l e  of i nc idence  
's ig = S i g n a l  v o l t a g e s  
v l o  = Local O s c i l l a t o r  v o l t a g e  
(5) Band Pass  F i l t e r  width 118.5 Hz - + 1% f o r  t h e  13.3 GHz 
sca t t e rome te r  
14.25 Hz - + 1% f o r  1.6 GHz Sca t te rometer  
3-57 Hz -t 1% f o r  400 PfHz Sca t te rometer  
- 
(6) Band Pass F i l t e r  shape,  3  s e c t i o n  R-C f i l t e r  fo lded  over t h e  
c e n t e r  frequency. 
g .  Output Requirement 
(1) Output Impedance: r e s i s t i v e  10 ohm maximum 
(2) Voltage Level Range: 100 mv t o  2,V r m s  
(3) Frequency Range: DC t o  120 Hz - 13,3 GHz Sca t te rometer  
DC t o  1 5  Hz - 1.6 GHz Sca t te rometer  
DC t o  4 Hz - 400 MHz 
3,2.4 Normalizer: - The normal izer  f u n c t i o n  compensates t h e  a measurement 
0 
f o r  a i r c r a f t  v e l o c i t y ,  a l t i t u d e ,  antenna ga in  and t r ansmi t t ed  power. 
a, Veloc i ty  c o r r e c t i o n  of t h e  a n g l e  of inc idence  is  d iscussed  i n  
Sec t ion  3.2.5. 
b .  Veloc i ty ,  a l t i t u d e ,  and power l e v e l  c o r r e c t i o n  of % l e v e l  is  
accomplished by c o n t r o l l i n g  t h e  ou tpu t  ga in  of t h e  d i r e c t i o n  
sensor  f o r  each sca t t e rome te r .  The c o r r e c t i o n  f o r  ga in  and p a t t e r n  
beam width s h a l l  b e  made by c o n t r o l l i n g  t h e  amplitude of t h e  
s i g n a l  i n  t h e  normalizer .  
1. Input  Function: 
A. Veloc i ty  and A l t i t u d e s  
(1) Impedance: Compatible w i th  DTL 
(2) Veloc i ty :  9 b i t  p a r a l l e l  word (Knots) 
(3) A l t i t u d e :  12 b i t  p a r a l l e l  word ( f e e t )  
2. C a l i b r a t i o n  s i g n a l  from each sca t t e rome te r  
(1) Impedance: R e s i s t i v e  minimum 10 K ohms 
(2) Voltage l e v e l  4 mV t o  120 mV 
(3) Frequency DC t o  50 Hz maximum 
3. Signa l  Inpu t s  - from a l l  s ca t t e rome te r  channels i d e n t i c a l  
t o  paragraph 3.2.2.g. 
4 ,  Transfer  functi-ons: The t r a n s f e r  func t ion  f o r  t h e  normal izer  
process  is  a s  fo l lows:  
When = Veloc i ty  
h = a l t i t u d e  
Vcal - c a l i b r a t i o n  v o l t a g e  
BW = bandwidth of t h e  sca t t e rome te r  s i g n a l  
GtGr = product  of t r a n s m i t t e r  and r e c e i v e r  an tenna  
given a t  t h e  a n g l e  of inc idence  being 
normalized 
B = Antenna beam width  i n  t h e  c r o s s  t r a c k  d i r e c t i o n  
of t h e  a n g l e  of inc idence  being normalized. 
(2) The output  is  f u l l  wave r e c e i f i e d  
(3) Gain s t a b i l i t y  s h a l l  b e  less than  - C 0.2 db. 
5. Output: 
(1) Impedance: R e s i s t i v e  maximum 1 0  ohms 
(2) Voltage Range: 0.010 t o  10.0 v o l t s  r m s  
(3) Frequency Range: 0 t o  120 Hz maximum 
3.2.5 Averager: The averager  w i l l  smooth t h e  d a t a  wi th  l e s s  than  1%. The 
averager  has  been s e l e c t e d  t o  provide  a minimum averaging time, 
a, Time cons t an t  - 75 m i l l i s e c .  3. 1% 
- 
b. Inpu t  Voltage: maximum 3 V rms 
c .  Frequency Range: 13.3 GHz sca t t e rome te r  0 t o  120 Hz 
1.6 GHz sca t t e rome te r  0 t o  15 Hz 
400 MHz sca t t e rome te r  0 t o  4 Hz 
d. T rans fe r  func t ion:  
1. Gain 10 db nominal 
2. Gain S t a b i l i t y  - +0.1 db 
(Gain) 3. Vout = Vin ------ ' 7 = t i m e  cons tan t  (I + T S )  ' 
e, Output:  
1. Output Impedance: less than  10  ohms 
2. S i g n a l  l e v e l  10  v o l t s  d c  maximum 
3.2.0 Angle F r e s e n c y  - Generator :  Genera tes  f requenc ies  p r o p o r t i o n a l  t o  
a i r c r a f t  v e l o c i t y  which a r e  used i n  t h e  ang le  of i nc idence  fil ters.  
a, Inpu t :  Ve loc i ty  i n p u t  similar t o  Paragraph 3.2.4.b.1 
b. Input :  
1. Impedance: compat ible  t o  DTL 
2. Voltage l e v e l  compat ible  t o  DTL 
3. Frequency 4fg = 7.454 MHz + 10 H z ;  13.3 GHz Sca t t e rome te r s  
4fB = 1.5694 MHz - + 1 0  Hz; . . 1.6 GHz Sca t t e rome te r  
4 fg  = 1.5694 MHz - + 1 0  H z ;  400 MHz Sca t t e rome te r s  
c, T rans fe r  Funct ion 
IL. Frequency Output 
(1) 400 MHz s c a t t e r o m e t e r  
(2) 1.6 GHz s c a t t e r o m e t e r  
f o u t  = fIF 4-5.49 s i n e *  
(3) 13.3 GHz s c a t t e r o m e t e r  
f o u t  = IF f 45.645 s i n  8* 
(4) Noise F loor  and c a l i b r a t i o n  s i g n a l  
(a )  Replace fIF w i t h  
(b) Noise F loo r  
13.3 GHz Sca t te rometer  f o u t  = 67 KHz + .01% 
- 1 , 6  GHz Sca t te rorne te r  f o u t  = 68 KHz 
400 MHz Sca t t e rome te r  £out = 50.1 KHz 

400 MHz I 
SCATTLROMETER I 
R E V l S l O N S  
LTR 1 EFF ON [ DESCRIPTION 1 DATE I APPROVED 
i I f 1 
r?+ TO M/XERS{ LOW PASS F/LTfRS 
I I I I 
1 / PART NUMBER DESCRIPTION STOCK MATERIAL RYAN lTEM SIZE SPECIFlCATlON MATL CODE ZONE NO- 
RELEASE & DATE QTY REQ 
PER ASSY L I S T  O F  M A T E R I A L  
SAN DIEGO, CALIFORNIA 92112 
d ,  Output 
1. Voltage and Impedance: Compatible t.li th  DTL 
2,  Frequency: 13.3 GHz Sca t t e rome te r ;  49,044 t o  67 KHz -- 4- .01% 
1.6 GHz Sca t t e rome te r ;  49.044 t o  53.000 KHz ' 
400 MHz Sca t t e rome te r ;  49,044 t o  50.0048 KHz 
3.  Master Frequency Output 
(a) Frequencies:  273 KHz t o  546 KHz; 13.3 GHz Sca t te rometer  
262.5 KHz t o  525 KHz; 1 - 6  GHz Sca t te rometer  
65.685 K9z t o  131.37 KHz; 400 MHz Sca t te rometer  
3.2.7 C a l i b r a t i o n  S i g n a l  Computer: C a l c u l a t e s  t h e  r a t i o  between t h e  c a l i b -  
b r a t i o n  v o l t a g e  and t h e  t r a n s m i t t e r  v o l t a g e  (power) f o r  t h e  400 MHz 
sca t te rorne te r .  Th i s  is used t o  normal ize  g a i n  and power v a r i a t i o n .  
Inpu t  : 
Impedance: r e s i s t a n c e  minimum 1 0  K ohm when p a r a l l e l  w i th  
PC21 Equipment. 
Voltage l e v e l :  nominal 1 v o l t  r m s  
Frequency: 500 Hz from c a l i b r a t i o n  s i g n a l  
1000 Hz from t r a n s m i t t e r  
T rans fe r  Funct ion:  Voltage 
V500 Hz a f t e r  d e t e c t i o n  
'%C= V l O O  Hz a f  ter d e t e c t i o n  
Output : 
Voltage: nominal 1.0 v o l t  DC 
Impedance : maximum 10  ohms 
SPECIFICATION FOR 
A FREQUENCY DIVISION FIULTIPLEXER SUB SYSTEM 
SPECIFICATION NO. 74261-3, REVISION A 
1.0 SCOPE: This  s p e c i f i c a t i o n  d e f i n e s  an a i r b o r n e  frequency d i v i s i o n  
mu l t i p l exe r  a p a r t  of a s c a t t e r o m e t e r  p reprocessor ,  Teledyne Ryan 
S p e c i f i c a t i o n  No. 74261-1 (Rev. A),  
2.0 APPLICABLE DOCUMENTS: .- Teledyne Ryan S p e c i f i c a t i o n  No. 74261-1 (Rev. A) 
3.0 REQUIREMJ3NTS: Th i s  subsystem uses  t h e  ou tpu t  of a l l  t h e  s ca t t e rome te r s .  
It p roces se s  t h e  s i g n a l s  t o  p rov ide  ampl i tude  modulation f o r  v a r i o u s  
s u b c a r r i e r s .  The ou tpu t  of t h e  s c a t t e r o m e t e r s  i s  d i r e c t i o n  sensed where 
necessary  t o  make t h e  system independent  of  phase v a r i a t i o n s ,  The 
AM modulated s u b c a r r i e r s  are a l l  combined and recorded on a s i n g l e  
channel  of t h e  Government f u r n i s h e d  AR-1600 t a p e  recorder .  A b lock  
diagram is shown i n  SK742B1004. 
3.1 MAJOR COMPONENTS : 
'a. 488 WJ.z O s c i l l a t o r  
b . 27 d i v i d e r  
c. Impulse Generator  
d, Harmonic and Quadrature  Generator  
e, D i r e c t i o n  Sensor 
f ,  Balanced Mixers 
g. Summing Ampl i f ie r  
3.2 INPUT SIGNALS: The i n p u t  s i g n a l s  a r e  s p e c i f i e d  i n  Paragraph 3.2.2 
S p e c i f i c a t i o n  74261-1 (Rev. A ) .  
3.3 OUTPUT SIGNALS: Frequency mul t ip lexed  spectrum a f t e r  combining is  
shown i n  F igu re  1. 
a. Output Impedance: Maximum 1 0  ohms 
b. Voltage: 1 v o l t  r m s  nominal 
l7- c. rLequency Range: 2 KHz t o  40 JGIz about  t h e  c a r r i e r s  
v/w Mff/ABLE GAT; 
u/V VARLA6L.C 6476 
V/V F/XED M T E  
V/H N I E D  6ATE 
W/N F/XED GATE 




THE DATA VERIFICATION SUBSYSTIif 
SPECIFICATION NO. 74261-4, REVISION A 
1.0 SCOPE: This  s p e c i f i c a t i o n  d e f i n e s  t h e  performance of t h e  d a t a  
v e r i f i c a t i o n  s e c t i o n  of t h e  s c a t t e r o m e t e r  Preprocessor  System 
S p e c i f i c a t i o n  74261-1 (Rev. A ) .  
1,1 OBJECTIVE: This  subsystem is t o  provide v i s u a l  and recorded in fo r -  
mation i n d i c a t i n g  t h e  q u a l i t y  of t h e  sca t t e rome te r  measurements. 
2.0 AE'PLICABLE DOCUMENTS: Teledyne Ryan S p e c i f i c a t i o n  No, 74261-1 
(Rev. A). 
3.0 REQUIREMENTS: The d a t a  v e r i f i c a t i o n  subsystem s h a l l  i n d i c a t e  i f  t h e  
s ca t t e rome te r  systems a r e  working. Abnormalities i n  t h e  sca t t e rome te r  
n o i s e  f l o o r  and c a l i b r a t i o n  s i g n a l  s h a l l  be i nd ica t ed .  
PERFORlANCE: The c a l i b r a t i o n  s igna l - to-noise  f l o o r  r a t i o  of  each 
s c a t t e r o m e t e r  s h a l l  be  monitored. Upper and lower l i m i t s  s h a l l  b e  
s e t  w i t h i n  - + 0.50 db . '  I f  t h e  n o i s e  f l o o r  o r  c a l i b r a t i o n  s i g n a l  
exceed t h e s e  l i m i t s ,  t h e  d a t a  v e r i f i c a t i o n  l i g h t  s h a l l  change from 
green  t o  red.  The r e d  l i g h t  s h a l l  remain on u n t i l  manually 
ex t inguished .  Excessive s i g n a l  l e v e l  s h a l l  have t h e  same e f f e c t  o'n 
I 
t h e  i n d i c a t o r  l i g h t .  A b lock  diagram showing a  c i r c u i t  t o  accomplish 
t h i s  is  shown i n  SK742B1006. The s i g n a l s  i n d i c a t i n g  improper 
s ca t t e rome te r  performance s h a l l  be  provided t o  t h e  PCM subsystem f o r  
t a p e  record ing .  
3,2 INPUT SIGNALS: 
1. D i r e c t i o n  Sensor Output a s  s p e c i f i e d  i n  paragraph 3.2.1 
S p e c i f i c a t i o n  74261-2 (Rev. A ) .  
2. I n p u t s  from t h e  sca t t e rome te r  a s  s p e c i f i e d  i n  paragraph 3.2.2 
S p e c i f i c a t i o n  74261-1 (Rev. A). 
3.3 OUTPUT SIGNALS; OR Gate DTL 

SPECIFICATION FOR 
THE PCM SUBSPSTm 
SPECIFICATION NO, 74261-5, REVISION A 
SCOPE: This  s p e c i f i c a t i o n  d e f i n e s  t h e  performance of t h e  PCM 
Sect ion  of t h e  Sca t t r rometer  Preprocessor  System S p e c i f i c a t i o n  
74261-1 (Rev, A). 
OBJECTIVE: This  subsystem is  t o  provide  preprocessed sca t t e rome te r  
d a t a  f o r  t a p e  record ing  i n  d i g i t a l  form. 
APPLICN31,T; DOCUFIENTS : 
- .-.-..--- 
Teledyne Ryan S p e c i f i c a t i o n  74261-1 (Rev. A),  
REQUIREMENTS : This  subsystem talces t h e  processed s i g n a l s  from all 
of t h e  sca t t e rome te r s  and (1) samples t h e  output  of t h e  sca t t e rome te r ,  
(2) ho lds  t h e  sampled d a t a  u n t i l  c a l l e d ,  (3)  A t o  D conver t s  t h e  
c a l l e d  d a t a ,  (4 )  p l aces  t h e  c a l l e d  d a t a  an annota t ion  b i t  and two 
c o n t r o l  b i t s  i n t o  a s h i f t  r e g i s t e r ,  and (5) encodes t h e  ou tpu t  of t h e  
s h i f t  r e g i s t e r  i n t o  Bi-Phase L (Manchester 11) form. 
Analog mul t ip l exe r  
Sample and hold  
A-D conve r t e r  
Gating and s t o r a g e  r e g i s t e r  
Bi-Phase-L Encoder 
Monitor 
Cont ro l  Logic and system t iming  
Channel s e l e c t i o n  l o g i c  
S i g n a l  coridi t ioner  
Sync genera tor  
PERFOmfANCE: This  subsystem encodes t h e  preprocessed d a t a  and t h e  
anno ta t i on  d a t a  a s  shown i n  Drawing No. SK742B1008. 
INPUT SIGNALS: 
1. A l l  p rocessed  s c a t t e r o m e t e r  d a t a  ou tpu t s  from t h e  ave rage r s ,  
ang le  f requency g e n e r a t o r s ,  and 400 PiHz c a l i b r a t i o n  channel.  
2. I n t e r l o c k  s i g n a l ,  s c a t t e r o m e t e r  s t a t u s ,  d a t a  v e r i f i c a t i o n  s t a t u s ,  
manual V and H i n s e r t i o n  i f  used, Land - Sea switch s t a t u s .  
OUTPUT SIGNALS: Preprocessed Sca t t e rome te r  d a t a  i n  s e r i a l  Bi-Phase-L 
encoded (Manches ter 11) f  o m .  
Analog Mul t i p l exe r :  The ana log  m u l t i p l e x e r  samples t h e  ou tpu t  
-- 
of  each preprocessed s c a t t e r o m e t e r .  The sampled d a t a  i s  l a t e r  
s t o r e d  and s e r i a l l y  encoded. 
A. Signa l  Inpu t  
1. 120 analog s i g n a l s ,  v o l t a g e  maximum 10  v o l t s  peak 
2. Impedance: Res is tance :  g r e a t e r  than  200 Meg ohms 
Reac t ive :  less than  25 pfd 
3. Frequency Range: 0  t o  20 Hz 
4 ,  Leakage Current :  PIaximum 3nA 
B. Contro l  s i g n a l  i n p u t :  DTL compatible  
1, Channel s e l e c t i o n  c o n t r ~ l  ou tpu t  
2. PCM c a l i b r a t i o n  s i g n a l .  
C. T rans fe r  Funct ion 
1, Gain - zero db nominal 
2. Accuracy - -t- 0.07% 
3.  Sample r a t e  pe r  i n p u t  56 Hz. 

D. Output 
1. One channel  
2. Impedance: maximum 1 ohm 
3.  Voltage: 0 t o  1 0  v o l t s  peak 
4. Voltage waveform: P u l s e  w i t h  v a r i a b l e  ampli tude 
3.4.2 Sample and Hold: The sample and hold  c i r c u i t s  a s s u r e  t h a t  t h e  d a t a  
i s  A t o  D converted a t  t h e  same t i m e  i n  t h e  swi tch ing  i n t e r v a l  
a s s u r i n g  a more a c c u r a t e  ou tpu t .  
A. S i g n a l  Inpu t  
1. Voltage Range: 0 t o  1 0  v o l t s  peak 
2 ,  Impedance: During Sample: R e s i s t i v e  nominal 1000 ohms 
React ive:  Maximum 1000 pfd series 
B. Con t ro l  Input :  S h a l l  be compatible  w i t h  DTL ou tput  from c o n t r o l  
l o g i c  and system t iming b lock .  
C. Trans fe r  Funct ion:  
1. Gain: 0 db nominal 
2. E r r o r  0.02% maximum 
3. Aper ture  t i m e :  less t h a n  100 n s  
4 ,  Slew r a t e :  g r e a t e r  t han  50 v o l t s / p s e c  
D. Output 
1. Impedance: 10 ohm maximum 
2. Voltage range: 0 t o  1 0  v o l t s  peak 
3 . 4 . 3  A t o  D Converter :  Analog t o  d i g i t a l  conve r t e r  
A, Signa l  Inpu t  
1, Impedance: R e s i s t i v e  minimum 2.8K ohms a t  10 v o l t s  
2. Voltage: 0 t o  1 0  v o l t s  peak 
3. Ffequency range: 6030 Hz 
B. Cont ro l  Inpu t :  Front  c o n t r o l  l o g i c  and system t iming DTL compatible .  
C ,  T rans fe r  func t ion :  
1. Conversion accuracy  0.1% 
2. LO b i t  d i g i t a l  ou tpu t  r e g i s t e r  = 148.1 Ln (100 Vin) 
341 l o g  (100 Vin) 
3. Speed: 1 0  p s  p e r  10  word b i t  
D. Output 
1. Gating - s t o r a g e  r e g i s t e r :  channel  must b e  DTL compat ib le  
2. Cont ro l  l o g i c  channel  must b e  DLT compatible  
3. Frequency range: maximum 100 KHz 
Gating: S torage  Reg i s t e r :  The ga t ing  s t o r a g e  r e g i s t e r  s t o r e s  t h e  
d i g i t i z e d  10  b i t  p reprocessor  d a t a  word and adds t h e  s c a t t e r o m e t e r  
s t a t u s ,  p o l a r i z a t i o n  sync word and d a t a  anno ta t i on  b i t s  t o  form t h e  
1 3  b i t  d a t a  word and t h e  anno ta t i on  word. The s h i f t  and command 
from t h e  c o n t r o l  l o g i c  pu t  t h e  word i n  t h e  s e l e c t e d  frame sequence. 
A. Inpu t s :  The o u t p u t  from t h e  c o n t r o l  l o g i c  and system t iming.  
The sync word gene ra to r  and t h e  k t o  D conver te r .  These s h a l l  
be  DTL compatible.  
B. T rans fe r  Funct ion:  Provides  t h e  f i n a l  ou tpu t  sequence a s  
s p e c i f i e d  ( s e e  Appendix A, B and C). 
C. Output: NRZ compatible  w i t h  13 b i t  s e r i a l  d i g i t a l  word, Word 
format  is  s p e c i f i e d  i n  F igu re  1. 
Bi-Phase L Corlverter: Converts b i - l eve l  NKZ data i npu t  t o  bi-phase- 
L code. 
A S i g n a l  Input :  NRZ s i g n a l ;  impedance and vo l t age :  compat ib le  
w i th  DTL. 
B. Cont ro l  Inpu t :  Encoder c lock  
1. Impedance and vo l t age :  compat ible  w i t h  DTL 
2. Frequency 130,000 Hz - 4- 0.1% 

C *  Output 
1, ---~- Signa l  Output: Ui-Phase--L: Planchester 11 code, The format  
s h a l l  be  a s  o u ~ l i n e d  i n  F igu re  2. 
2. Impedance: S h a l l  b e  a l i n e  d r i v e r  capable  of  supply ing  
70 nl amps t o  a  75 ohm impedance. 
3,  Common Mode Re jec t ion :  The output  s h a l l  b e  balanced w i t h  
50 db r e j e c t i o n .  
Sync idord Generator : 
A, Input :  DTL compatible;  c l o c k  frequency 
B. Output:  33 b i t  ba rke r  code d iv ided  i n t o  t h r e e  words and synch- 
ron i zed  t o  t h e  c lock  frequency,  The ou tpu t  s h a l l  b e  
compatible  w i t h  DTL. 
Con t ro l  Logic and System Timing 
A. Input :  DTL compatible  from (1) s i g n a l  cond i t i one r  (2) s ca t t e r - .  
o z e t e r  c o n t r o l  s i g n a l s  (3) d a t a  v e r i f i c a t i o n  (4) 
channel  s e l e c t i o n / d e c i s i o n  l o g i c  conversion l o g i c .  
B. Output: 
1. Sync conunand, DTL compatible  
2. Output: A l l  s h a l l  b e  DTL compatible  
Channel S e l e c t i o n  and Decis ion  Logic 
To b e  determined. 
S i g n a l  Condi t ioner:  Decommutates and s t o r e s  v e l o c i t y ,  a l t % t u d e  d a t a ,  
m i s s ion  and I R I G  t i m e .  Data sou rce  AN/ASQ-90. 
A. A i r c r a f t  Data Annotat ion System 
1. Input  S igna l s :  The ou tpu t  of t h e  AN/ASQ-90 v e l o c i t y .  
2. Input  Impedance: R e s i s t i v e  minimum 10K ohms 
3. Output: The ou tpu t  shall be  10 d i g i t a l  words compat ib le  
w i t h  DTL, 
B, Ve loc i ty  t o  Frequency - Output and 400 f.iHz c a l i b r a t i o n  channels :  
Converts t o  1 0  b i t  words t o  u s e  i n  t h e  ou tput  d a t a  s t ream. 
Compatible w i t h  DTL. 
3.4,10 Monikor: Provides  a  v i s u a l  i n s p e c t i o n  of t h e  o p e r a t i o n  of  t h e  PCM 
system. 
A. Input :  
1, Output of  bi-phase-l  c o n v e r t e r  
2. Manual i n s e r t i o n  of  any d a t a  o r  housekeeping word. 
B. Output: V i sua l  - 1 3  lamps 
SPECIFICATION FOR 
THE DISPLAY SUBSYSTDI 
SPECIFICATION NO. 74261-6, REVISION A 
1.0 SCOPE: This  speci.f i c a t i o n  clef i n e s  t h e  perfo-mance c h a r a c t e r i s t i c s  
of t h e  d i s p l a y  subsystem p o r t i o n  of t h e  sca t t e rome te r  preprocessor  
systems; s p e c i f i c a t i o n  74261-1 (Rev, A) 
2,O APPLICABLE DOCUMENTS: Teledyne Kyan S p e c i f i c a t i o n  74261-1 (Rev. A) 
and EIA Standard RS 170. 
3.0 REQUIRmIENTS: The d i s p l a y  subsystem r e c e i v e s  t h e  preprocessed d a t a  
i n t o  t h e  programmable c o n t r o l  uni.t, - r e f e r  t o  (SR742Bl009). The 
programmable c o n t r o l  u n i t  s e l e c t s  any 8 output  d a t a  l i n e s  from t h e  
ana log  preprocessor  u n i t  t o  be  d isp layed .  The subsystem s h a l l  d i s p l a y  
Co v e r s u s  i n c i d e n t  ang le  and d i s t a n c e  h i s t o r y .  It s e l e c t s  t h e  
averaging  t ime and t h e  d i s p l a y  s c a l e  f a c t o r s .  The output  of t h e  
programmable c o n t r o l  u n i t  i s  processed i n  t h e  log  conve r t e r  and curve  
gene ra to r  ~ d l e r e  t h e  s i g n a l s  are converted t o  a log r i thmic  s c a l e  f a c t o r  
and placed on t h e  X, Y ,  and Z axes  of t h e  scan  converter .  The curve  
gene ra to r  func t ion  r ece ives  t h e  d i s p l a y  g r i d  gene ra to r  s i g n a l s  and t h e  
alphanumeric symbol genera tor  gene ra t e s  t h e  i d e n t i f i c a t i o n  and 
anno ta t ion  c h a r a c t e r s  f o r  t h e  scan  conver te r .  The scan  conve r t e r  
s t o r e s  t h e  d a t a  t o  be d i sp l ayed  f o r  as long a s  6 minutes s i n c e  t h e  
ground c e l l  may t ake  6 minutes t o  t r a n s v e r s e  t h e  120' antenna p a t t e r n .  
The f a d e r  switches c o n t r o l  t h e  video recorder  d a t a  and t h e  TV monitor .  
A T-V camera i s  provided t o  record  and d i s p l a y  t h e  t e r r a i n  be ing  
i n v e s t i g a t e d .  This  a l lows b e t t e r  c o r r e l a t i o n  of s ca t t e rome te r  
measurements w i t h  o t h e r  da ta .  The ang le  d i s t a n c e  computer computes the  
X-axis s c a l e  f a c t o r s  a s  a f u n c t i o n  of v e l o c i t y  and a l t i t u d e .  
INPUT SIGNALS: 
A. The inpu t  from t h e  sca t t e rome te r  a r e  i d e n t i c a l  t o  t h a t  s p e c i f i e d  
i n  paragraph 3.4.1A S p e c i f i c a t i o n  74261-5 (Rev. A ) .  

J3. The v e l o c i t y  and a l t i t u d e  i n p u t  comes front t h e  PCM system 
and is a  9 b i t  word f o r  v e l o c i t y  and a l t i t u d e ,  The inpu t  is  
DTL w i t h  a  frequency up t o  40 Hz, 
3.2 OUTPUT SIGNALS - : 
A, The output  of t h e  d i s p l a y  sybsystem s h a l l  b e  a s  fol lows:  
A d i s p l a y  of t h e  cr v e r s u s  inc idence  a n g l e  
0 
and d i s t a n c e  h i s t o r y  s h a l l  b e  provided on a  
14" (diagonal  measurement) TV monitor.  The 
same TV monitor s h a l l  b e  capable  of display-  
i n g  a n  image of t h e  t e r r a i n  t h e  a i r c r a f t  
t r a v e r s e s .  
1. Scat te rometer  d i s p l a y  c h a r a c t e r i s  t i c  
( a )  Resolu t ion  100 l i n e  p a i r s  pe r  he igh t  and 120 l i n e ,  
p a i r s  pe r  width. 
(b) L i n e a r i t y  2% of p i c t u r e  h e i g h t  and width. 
(c) I l l umina t ion  b i - l e v e l  
(d) I l l umina t ion  l e v e l  s h a l l  b e  adequate  f o r  t h e  
intended purpose. 
2. Ground d i s p l a y  c h a r a c t e r i s t i c s  
( a )  Resolu t ion  s t anda rd  E I A  TV 525 l i n e s  per  s e c  scan. 
(b) Frame r a t e  - 60 frames pe r  sec .  
3. The d a t a  t o  be  d isp layed  s h a l l  be  8 d a t a  curves i n  any 
combination of sigma ze ro  ve r sus  inc idence  angle  and d i s t a n c e  
h i s t o r y .  Typica l  d a t a  are shown i n  F igure  I. A sou rce  
s e l e c t i o n  swi tch  (pa t ch  board) s h a l l  permit  t h e  s e l e c t i o n  of 
t h e  8 d a t a  curves from t h e  a v a i l a b l e  84 d a t a  curves.  The 
pa tch  board s h a l l  b e  capable  of r ap id  reprogramming during 
t h e  f l i g h t .  The pa t ch  board s h a l l  a l s o  produce (1) 
t h e  proper  curve i d e n t i f i c a t i o n s ,  ( 2 )  t h e  X ,  Y and Z s c a l e  
and (3) t h e  s e l e c t i o n  of i n t e g r a t i o n  time. The Y-axis 
d i s p l a y  s h a l l  be i n  d e c i b e l s .  The X-axis d i s p l a y  s h a l l  be 
i n  i n c i d e n t  ang le  o r  d i s t ance .  
Figure  1. Data Displayed on Scan Converters  
v-112 
-- - - - .  -- - 
3 , 3  INDICATORS : The fo l lowing  i n d i c a t a r s  s b a l l  be  d i sp layed .  
a ,  . Recorder s t a t u s  RECO'a-STOP-PLAY-KEVJIND, REVERSE, E'OIiIJARD 
b.  Tape s t a t u s  - f e e t  and minutes  t o  go. 
c. Voice anno ta t i on  record  level.  
d. TV monitor Switch P o s i t i o n :  TAPE RECORDER-TV MONITOR 
e. Tape monitor  swi tch  p o s i t i o n :  TAPE RECORDER-TV MONITOR 
1. Programmable Cont ro l  Unit  
' 
2. Averager 
3. Curve Generator  Log Converter  
4. Scan Conver te rs  
5. Fader Switcller 
6. Video Recorder 
7. TV monitor 
8. Grid Generator  
9. Angle D i s t ance  Computer 
10. Symbol Generator  
11. TV Camera 
3.5.1 Programmable Con t ro l  Unit :  
A. Input  
1. Sca t te rometer  
a .  54 i n p u t s  from t h e  ana log  preprocessor  
b .  Impedance: minimum 100 K ohms 
c. Voltage Range: 0 t o  10 v o l t s  
d. Frequency Range: 0 t o  20 Hz 
2. i s :  from a n g l e  d i s t a n c e  computer 
a,  In~pedance g r e a t e r  than 10 Eieg QEVIIS 
b. Voltage Range: -1 Volt  t o  + 1 Volt  
c. Frequency Range: 0  t o  10 Hz 
3, Transfer  Function: Switching func t ion  only:  s e l e c t s  
t h e  a n g l e  oE inc idence ,  averaging t ime and X-axis s c a l e  
f a c t o r s  f o r  a  t o t a l  of e i g h t  d a t a  l i n e s .  
B. Outputs 
1 Y-Axis: 
a.  Impedance: m i n i m u m  100 K ohms 
b. Voltage Range: 0  t o  10 Vo l t s  
c. Prequericy Range: 0  t o  20 Hz 
2. X-axis: 
a. Impedance: minimum 100 K ohms 
b, Voltage Range: 0  t o  5 v o l t s  
c. Frequency Range: 0  t o  10  Hz 
3.5.2 ' - A v e r a ~ :  
A. Inpu t :  Paragraph 3.5.1.2 
B. T rans fe r  func t ion:  
1 Gain: 0  db 
2. Gain s t a b i l i t y :  - I-0.2 db 
3. T rans fe r  func t ion:  Eout=Ein " 1 ' ( 1  + r s )  
4. S e l e c t a b l e  I n t e g r a t i o n  t imes of 
7 =  0.075, 0.1, 0.21, 0.465, 1.0,  2.16 
4.65 and 10  sec .  w i t h i n  - +5% 
5. I n t e g r a t i o n  t i m e  swi tch ing  t r a n s i e n t s  s h a l l  no t  exceed 10% 
of  t h e  ou tpu t  vo l t age .  
C ,  ou tput :  
1. Impedance: Less than  10 ohm 
2. Voltage Range: 0 t o  10  v o l t s  
3. Frequency Range 0 t o  20 Hz 
3.5.3 Curve Generator and Log Converter 
A. Input:  
1. X and Y channels:  3.5.2.3 
Z channel: DTL 
B. Grid Genrators ,  Symbol Generator 
1. Impedance: Grea ter  than  1000 ohms 
2. Voltage Range 0 t o  10 v o l t s  
3.  Frequency 10 Hz t o  10  KHz 
C. Transfer  Funct ion 
1. Erases t h e  Scan Converters  
2. Writes g r i d  
3. S e l e c t s  symbols 
4. Samples a l l  8 i n p u t s  40 t imes per  sec .  
D. Output 
1. Impedances: l e s s  than  10 ohms 
2. Voltage Range: Compatible t o  t h e  scan  conver te r  
3. Frequency Range: 32 t o  3200 Hz 
3.5.4 Scan Converter 
A. Input:  Same as 3.5,3.1 
B. Transfer  Function: 
Storage func t ion  s i m i l a r  t o  t h e  Tektronix 4501 
V-115 
C. Output: 
1, Impedance 75 ohms nominal 
2. ETA s tandard  525 l i ne160  frame 
Fader Switch: The f a d e r  s w i t c h  t akes  t h e  output  of t h e  scan  conve r t e r s  
and TV camera and swi tches ,  and c o n t r o l s  t h e  c o n t r a c t  t o  t h e  d i s p l a y  
and t a p e  r eco rde r  as des i red .  The i n p u t  and .output  c h a r a c t e r i s t i c  
impedance is  75 ohms. Frequency range  is  6 Hz t o  4 E!Mz. 
TV Monitor: The TV monitor s h a l l  meet t h e  requirements  of  EZA s tandard  
RS-170 Paragraph 3.2 a s  a p p l i c a b l e  except  t h a t  t h e  p i c t u r e  tube  s h a l l  
b e  14" d iagonal  measurements. The 525 l i n e s  pe r  frame s tandard  s h a l l  
be  used, 
Grid Generator :  The g r i d  g e n e r a t o r  s h a l l  produce a g r i d  of  6 x 6 
-- 
d i v i s i o n s  i n  l e s s  than  300 msec, .The inpu t  is DTL. The output  is 
l e s s  than  10 ohms; v o l t a g e  range  zero  t o  10 v o l t s ;  f requency 
range 100 Hz t o  10  KHz. 
'Angle-Distance Computer: 
A. Inpu t :  
1. D i g i t a l  
2. DTL i n p u t  impedance and v o l t a g e  range 
3. Frequency range t o  40 Hz 
B. T rans fe r  func t ion :  Produces a t iming s i g n a l  when a s e l e c t e d  
ground c e l l  reaches an a n g l e  of i nc idence  by s o l u t i o n  of t h e  
h 
equat ion  t = - [ t a n  O* - t a n  55'1, where O* = s e l e c t e d  ang le  
v 
of inc idence .  This  t iming  s i g n a l  c o n t r o l s  t h e  Z-axis and 
t h e  symbol genera tor  i n d i r e c t l y .  The ang le  d i s t a n c e  computer 
al-so computes t h e  X a x i s  s i g n a l  f o r  t he  d i s t a n c e  h i s t o r y  p l o t  
by i n t e g r a t i n g  t h e  v e l o c i t y  t o  produce d i s t ance .  The v e l o c i t y  
i s  D t o  A conve r t e r  and i n t e g r a t e d .  The s c a l e  f a c t o r s  a r e  0.1, 
0.2, 0.5, 1, 2 ,  5 and 10 n a u t i c a l  mi les  pe r  d iv i s ion .  
3.5.9 Symbol Generator:  The symbol gene ra to r  s h a l l  b e  capable of 
------"--- 
producing the  numbers 1 through 8 i n  seven segrncllt form. The output: 
s h a l l  be  s u i t a b l e  f o r  d i sp l ay ing  on a CRT when commanded by t h e  
curve genera tor .  This u n i t  i s  similar t o  t h e  P a i r c h i l d  3250 
numeric genera tor ,  
3.5,10 TV Camera: The TV camera s h a l l  produce an  output  compatible  w i t h  t h e  
EIA s tandard  RS 170 monitor paragraph 3.3. The u n i t  s h a l l  produce t h e  
necessary  synchronizing s i g n a l s .  It s h a l l  be  capable of c o n t r o l l i n g  
t h e  e f f e c t i v e  i l l u m i n a t i o n  by "auto t a r g e t f '  w i t h i n  4000:l range.  
The system s h a l l  have a remote c o n t r o l  zoom l ens .  The zoom range,  and 
a i r c r a f t  mounting and movement w i l l  b e  determined l a t e d .  
3.5.11 Tape Recorder: The t ape  r eco rde r  s h a l l  b e  capable  of record ing  t h e  
TV monitor s i g n a l s  w i t h  no obse rvab le  d e t e r i o r a t i o n .  The r e c o r d e r  
s h a l l  be  capable  of a frame by frame playback. The r eco rde r  s h a l l  b e  
compatible  wi th  t h e  t a p e  r e c o r d e r s  i n  common use. 
3.6 CONTROLS: The fo l lowing  c o n t r o l s  s h a l l  be  provided. 
3.6.1 Access ib le  Controls :  The fo l lowing  c o n t r o l s  s h a l l  be e a s i l y  acces s ib l e :  
and loca t ed  a t  a c e n t r a l  c o n t r o l  panel .  
A, Patch Board S e l e c t i o n  
a ,  Dis tance  Hi s to ry  
b. Sigma zero 
2. By plug i n s e r t i o n :  
a, Angle of inc idence  
b. I n t e g r a t i o n  time 
c.  X-axis d i s p l a y  of s c a l e  f a c t o r  n a u t i c a l  mi les  p e r  inch.  
B. Tape Recorder: Record - STOP-PLAY-REWIND-REVERSE-ADVmCE 
C. Feet  of t a p e  remaining 
D. Minutes of t a p e  remaining 
E. Each of t h e  8 d.is:~lay s h a l l  have  t h e  fol lowing s n i t c h  modes. 
1. Continuous Sweep 
2. Sweep, Stop and Hold 
3. Sweep o f f  
F, There s h a l l  b e  two sets of TV monitor f ade r  con t ro l s .  One f o r  
s e t t i n g  t h e  recorded images t h e  o t h e r  f o r  continuous monitor and 
c o n t r o l ,  
1. Monitor swi tch  s h a l l  b e  capable  of s e l e c t i n g  t a p e  r eco rde r  
f a d e r s  o r  monitor f ade r s .  
2. Tape r eco rde r  swi tch  s h a l l  b e  capable  of s e l e c t i n g  t a p e  
r eco rde r  f a d e r s  o r  monitor  f ade r s .  
3. There s h a l l  be  a set of monitor  f ade r s  and a set of t a p e  
r e c o r d e r s  f ade r s .  Each s e t  of f a d e r s  s h a l l  c o n t r o l  t h e  
i n t e n s i t y  (recorded o r  d i sp l ayed)  of each of t h e  scan  
conve r t e r s  and t h e  TV 
G. Ground image camera zoom and p o s i t i o n  
H. Voice and a c t i o n  ga in  c o n t r o l  
3.6.2 Cont ro ls  I n f r e q u e n t l y  Adjusted: The fol lowing c o n t r o l s  are t o  be  
provided. They s h a l l  be of screw d r i v e r  ad jus t ed  from t h e  f r o n t  p,anels. 
A. TV Monitor 
1. Brightness  
2. Hor izonta l  Hold 
3. Contras t  
4. V e r t i c a l  S i z e  
5. Hor i zon ta l  S i z e  
6. Focus 
7. V e r t i c a l  L i n e a r i t y  
B. Tape Recorder - None 
C. TV camera - None 
E, FRWR ANALYSIS 
1. ERROR ANALYSIS METHODS kND DEFLNTIONS 
'A d i s c l o s u r e  of e r r o r  a n a l y s i s  methods and d e f i n t i i o n  of e r r o r s  
provides  t h e  necessary  foundat ion f o r  t h e  es tab l i shment  of an e r r o r  budget 
f o r  t h e  sca t t e rome te r  systems. For t h i s  e r r o r  a n a l y s i s ,  t h e  d a t a  pre-  
processor  i s  p a r t  of t h e  sca t t e rome te r  system. 
I n  t h e  p r e s e n t a t i o n  of r a d a r  d a t a  (o r  s i g n a t u r e s ) ,  be i t  normalized 
r a d a r  b a c k s c a t t e r i n g  a r e a s ,  a s  a f u n c t i o n  of t h e  ang le  of inc idence  o ( O ) ,  
0 
o r  power s p e c t r a l  d e n s i t y  p l o t s  P S D ,  we used s t a t i s t i c a l  methods which show 
t h e  averages  and f l u c t u a t i o n s  (va r i ance ,  s t anda rd  dev ia t ion )  of t h e s e  d a t a .  
I n  a d d i t i o n ,  t h e  f a d e  r a t e  and depth  a r e  sometimes requi red ,of  t h e s e  d a t a .  
The same methods a r e  a p p l i c a b l e ,  w i t h  mod i f i ca t ions ,  t o  system o r  component 
measurements whether t h e  e r r o r s  a r e  cons t an t  o r  r e l a t i v e l y  cons t an t  f o r  long 
pe r iods  of t ime ( b i a s  e r r o r s ) ,  p e r i o d i c  ( d e t e r m i n i s t i c ) ,  o r  random. 
Real  measurement, analog s imu la t ion ,  and mathematical methods are 
a l l  found necessary  f o r  making complete e r r o r  a n a l y s i s  of such complex 
measurin.g systems a s  t h e  sca t t e rome te r .  S ing le  o r  numerous phys i ca l  measurements 
a r e  r equ i r ed  wi th  vo l t age ,  power, f requency and events  meters.  For example, 
analog s imu la t ion  devices  a r e  advantageous i n  showing t h e  e f f e c t s  of v a r i o u s  
f i l t e r  bandwidths i n  t h e  presence  of n o i s e  o r  anomalous s i g n a l s  ( spfk ing ,  
p r o p e l l e r  modulation).  Environmental chambers* a l low one t o  expose t h e  
a c t u a l  equipment t o  t h e  expected r i g o r s  of temperature,  v i b r a t i o n ,  and 
humidity encountered i n  a f l i g h t  t e s t ,  and observe t h e  e r r o r s  in t roduced  a t  
v a r i o u s  p a r t s  of t h e  system. 
* Only a l i m i t e d  number of  such t e s t s  have been made, more a r e  r equ i r ed  
f o r  r e f i n n i n g  t h e  e r r o r  budget 
Probably t h e  most important  s imu la t ions  a r e  made with t h e  use  o-E 
mathe~ilat ical  models. The doppler  r ada r  e q u i a t i o n  i s  c e r t a i n l y  the  most 
important  of t hese  models, n o t  on ly  f o r  making a  system e r r o r  a n l y s i s  bu t  f o r  
determining t h e  s igna l - to-noise  under ope ra t ing  excremes oE a l t i t u d e ,  ang le  
of inc idence  (60°) ,  and low t e r r a i n  r e f l e c t i v i t i e s .  
Included i n  t h e  group of a p p r o p r i a t e  mathematical models are t h e  
d i s c r e t e  and cont inuous forms which a r e  l a r g e l y  a s soc i a t ed  wi th  t h e  Gaussian 
o r  e r r o r  d i s t r i b u t i o n  func t ions .  By s e l e c t i n g  a mathematical model which 
c l o s e l y  resembles t h e  e r r o r  p r o p e r t i e s  and behavior  of a measurement system, 
a n  es t imated  e r r o r  a n a l y s i s  is made which i s  r e f i n e d  wi th  t h e  a i d  of  l abo ra to ry  
and miss ion  da t a .  These r e s u l t s  can now b e  i n t e r p r e t e d ,  o r  e x t r a p o l a t e d  t o  a  
wide range  of f l i g h t  cond i t i ons .  
The s t a t i s t i c a l  n a t u r e  of t h e  recorded s i g n a l s ,  t h e  s t a t i s t i c a l  
n o i s e  and e r r o r  p r o p e r t i e s  of t h e  sca t t e rome te r  systems, and much o f  i ts  
suppor t  systems makes t h e  u s e  of mathematical  models mandatory, Consequently,  
t h e  fo l lowing  e r r o r  a n a l y s i s  f o r  t h e  0.4, 1.6 and 13.3 GHz sca t t e rome te r s ,  t h e  
NASA Remote Sensor A i r c r a f t  nav iga t ion  and guidance system used f o r  t h e  
sca t t e rome te r  and a i r c r a f t  record ing  systems a r e  made w i t h  t h e  a i d  o f  math- 
ema t i ca l  models. 
To f u r t h e r  e s t a b l i s h  t h e  e r r o r  a n a l y s i s  foundat ion,  a  rev iew of 
e r r o r  d e s c r i p t i o n s ,  t h e i r  meaning and s i g n i f i c a n c e  i n  determining t h e  e r r o r  
budget are made. 
a. Kinds of E r ro r s  
The r e a l  worth of having a sca t t e rome te r  e r r o r  budget is  t h a t  it 
provides  a u s e f u l  d e s c r i p t i o n  of e r r o r s  and permi ts  t h e i r  amplitudes o r  
averages  t o  b e  c l o s e l y  p red ic t ed  and t o  b e  maintained wi th in  c e r t a i n  w e l l  
s p e c i f i e d  confidence l i m i t s  f o r  t h e  range  of  mission f l i g h t  cond i t i ons  
expected,  and wi thout  t h e  n e c e s s i t y  of conducting numerous c a l i b r a t i o n s  and 
tests f o r  a l l  p o s s i b l e  range of t h e  v a r i a b l e s ;  such a s  power l e v e l ,  range,  
ga in ,  a t t i t u d e ,  temperature,  e t c .  
This  l e a d s  us  t o  t h e  k inds  of e r r o r s  t h a t  need t o  be considered 
f o r  che sca t t e rome te r  system and t h e  g e n e r a l  ways i n  ~~7hi.clr they can be desc r ibed  
and def ined .  The k inds  of e r r o r s  encountered f a l l  i n t o  one of two broad 
c a t e g o r i e s ;  (1) b i a s  e r r o r s  (sometimes s p e c i f i e d  a s  d i s c r e t e ,  sys t ema t i c ,  
d e t e r m i n i s t i c  and f i x e d  e r r o r s ) ,  o r  (2)  random e r r o r s  ( a l s o  s p e c i f i e d  as 
s t a t i s t i c a l  o r  u n c e r t a i n t y  e r r o r s ) ,  
Bias  e r r o r s  a r e  c h a r a c t e r i z e d  by t h e i r  p r e d i c t a b i l i t y :  they  
a r e  measurable,  and can be  removed. Bias  e r r o r s  a r e  cons t an t  o r  remain f i x e d  
over  r e l a t i v e l y  long t ime per iods ,  There i s  an u n c e r t a i n t y  even i n  t h e  removal. 
of b i a s  e r r o r s  s o  t h a t  a n  a b s o l u t e  c o n d i t i o n  of zero e r r o r  a c t u a l l y  does n o t  
e x i s t .  The unce r t a in ty ,  u s u a l l y  i n s i g n i f i c a n t ,  a c t u a l l y  l i e s  w i th  t h e  a b i l i t y  
of t h e  measurement ins t rument  t o  measure t h e  b i a s  e r r o r  i n  t h e  presence of  
n o i s e ,  where t h e  n o i s e  may no t  b e  n e g l i g i b l e ,  The p r o b a b i l i t y  that: t h e  b i a s  
e r r o r  l i e s  w i t h i n  c e r t a i n  bounds i s  u s u a l l y  given by an equal  p r o b a b i l i t y  
d e n s i t y  func t ion .  Bias e r r o r s  a r e  c h a r a c t e r i z e d  by be ing  r e a d i l y  removable, 
on ly  a s i n g l e  measurement s u f f i c e s :  t h e i r  frequency of occurrence,  o r  
v a r i a b i l i t y ,  i s  very low. 
Bias e r r o r s  E may b e  expressed as b 
(V-12) Eb = Average Measured Value - True Value 
where t h e  t r u e  va lue  is  lcnown o r  s p e c i f i e d ,  such as, wavelength, power, range 
I 
and angle ,  and t h e  measured va lue  is  i n d i c a t e d  by t h e  measurement ins t rument  
w i t h i n  i t s  range of u n c e r t a i n t y  o r  c a l i b r a t i o n  accuracy. It becomes q u i t e  
c l e a r  t h a t  t h e  removal of a b i a s  e r r o r  depends upon how w e l l  t h e  measuring 
ins t rument  is  c a l i b r a t e d  (secondary s t anda rds )  and t h e  l e v e l  of no ise ,  
Since even b i a s  e r r o r s  a r e  no t  e n t i r e l y  f r e e  from n o i s e  o r  
human v a r i a b i l i t y  i n  making t h e  measurement, t h e  realm of s t a t i s t i c s  e n t e r s  i n t o  
t h e  p i c t u r e .  It i s  a well-known f a c t ,  s i n c e  t h e r e  i s  t h i s  randomness, t h a t  by 
simply t ak ing  t h e  a r i t h m e t i c  means of a l a r g e  number of independent readings  
t h e  e r r o r  due t o  t h i s  superimposed randomness can be  reduced. The more 
samples,  t h e  more a c c u r a t e  w i l l  b e  t h e  r e s u l t .  I f  t h e  e r r o r  producing s i g n a l  
i s  a d d i t i v e  Gaussian n o i s e  vr.it11 zc ro  mean9 i t  can b e  shown t h a t  t he  computation 
of t h e  a r i t h m e t i c  mean is optiinurn and each independent measuranent c o n s i s t s  of 
t h e  t r u e  va lue  (which is assunled t o  be cons t an t  w2th t ime),  p lus  t h e  Gaussian 
n o i s e ,  The average o r  t r u e  s i g n a l  5 is g iven  by 
where N, t h e  number of samples,  is  l a r g e .  
E r ro r s  a s s o c i a t e d  w i t h  a  random process  a r e  p r e d i c t a b l e  i n  
t h e  s t a t i s t i c a l  s ense  and are n e a r l y  always descr ibed  by a  Gaussian d i s t r i b u t i o n  
model, The e r r o r s  a s s o c i a t e d  wi th  a  random process ,  such a s  system n o i s e ,  a r e  
removable only under s p e c i a l  cond i t i ons  us ing  a  s ignal-averaging process .  For 
example, t h e  s igna l - to-noise  r a t i o  (S/N) of a  "per iodic  s igna l "  on random n o i s e  
can  b e  improved by such averaging.  For t h e  sca t t e rome te r ,  however, t h e  back- 
s c a t t e r e d  informat ion  s i g n a l  from t h e  t e r r a i n  i s  a l s o  random i n  na tu re ,  and is 
n o t  r e a d i l y  amenable t o  s t anda rd  process ing  methods f o r  improving t h e  s igna l -  
to-noise r a t i o .  
A s p e c i f i c a t i o n  of . t he  accuracy of a  measurement c a r r i e s  w i t h  
i t  a s ta tement  of unce r t a in ty .  The u n c e r t a i n t y  p l aces  an  upper and lower 
bound on t h e  e r r o r  where t h e  va lue  of any one measurement can be  found t o  f a l l  
w i t h i n  t h i s  range wi th  a s t a t e d  degree  of confidence.  Scat terometer  systems and 
component e r r o r s  a r e  caused by i n t e r n a l  and e x t e r n a l  i n f luences ,  and a r e  
c h a r a c t e r i z e d  by e r r o r s  which can n o t  be  removed without  r e s o r t i n g  t o  involved 
and c o s t l y  measurement techniques ,  and i n  many cases  a r e  no t  removable e r r o r s  
and remain u n c e r t a i n t i e s  i n  t r u e  sense  of t h e  word. The Gaussian mathematical 
d i s t r i b u t i o n  model i s  used i n  ana lyz ing  and des igna t ing  t h e s e  u n c e r t a i n t i e s .  The 
e f f e c t i v e  range of t h e s e  u n c e r t a i n t i e s  i s  des igna ted  by t h e  s tandard  dev ia t ion  u, 
h u s e f u l  "maximum" e r r o r  des igna t ion  is  a l s o  g iven  a s  a  30- va lue  and occurs  
about  one out  of 300 independent samples. Coxsider,  a s  a n  example, a measure- 
ment s p e c i f i e d  by a  v o l t a g e  reading  of 100, 9 (3u) v o l t s  where 109 v o l t s  
(maximum) and 91 v o l t s  (minimum) occur  about  0.3 percent  of t h e  time, then 3 
v o l t s  i s  t h e  e f f e c t i v e  o r  l o -  e r r o r .  
The va r ious  e r r o r s  and t h e i r  c h a r a c t e r i s t i c s  a long wi th  
adc l i t iona l  p e r t i n e n t  in format ion  are summarized i n  t h e  Eo l lo t~ ing  Table  V-9. 
TABLE V-9 
ERROR TYPES AND PROPERTIES 
1. Magnitude 
range of va lues  
2. S t a t e  P r e d i c t a b l e  over  a 
a. Short-tirne i n t e r v a l  
b. Long-time i n t e r v a l  
3. Frequency of DC of  very  low f req-  Wide range of f r equenc ie s  
occurrence 
4,  P r o b a b i l i t y  
d i s t r i b u t i o n  
of e r r o r s  b. 'IJaveform: squa re  b. Waveform: random 
b. Waveform: s i n u s o i d a l  
Equally probable  
b  Waveform: t r i a n g u l a r  
sawtooth,  l i n e a r  
wi th  t ime 
5.. Measured va lues  Maximum e r r o r  Average va lue  of s i g n a l  
Standard d e v i a t i o n :  o- Standard dev ia t ion :  &lo- 
Variance: o- 
Maximum e r r o r :  + 30- 
b. Sources of E r ro r  
The var ious  sca t t e rome te r  and a u x i l i a r y  support  u n i t  e r r o r s  
t h a t  r e q u i r e  i n v e s t i g a t i o n  f o r  t h e  t o t a l  system e r r o r - a n a l y s i s  a r e  shown below, 
(1) E r ro r s  i n  Sca t te rometer  Data Preprocessor  
(2) E r r o r s  i n  a i r c r a f t  i n s t a l l a t i o n  
( 3 )  E r r o r s  i n  Naviga t iona l  Equipment and A i r c r a f t  
P i t c h ,  R o l l ,  D r i f t ,  A l t i t u d e  and Veloc i ty  
(4) E r r o r s  i n  Recording and C a l i b r a t i o n  
Many e x t e r n a l  v a r i a b l e s  a r e  encountered which d i r e c t l y  o r  
i n d i r e c t l y  a f f e c t  t h e  ope ra t ion  and, correspondingly,  t h e  accuracy of t h e  
sca t t e rome te r .  Where informati.on i s  a v a i l a b l e  t h e i r  i n f luences  a r e  considered 
a t  t h e  a p p r o p r i a t e  t ime i n  t h e  e r r o r  a n a l y s i s .  Eventual ly,  e r r o r s  whould be  
eva lua t ed  f o r  a l l  t h e s e  v a r i a b l e s  t o  provide  a complete system e r r o r  assessment.  
(5) Var iab le s  a s ~ o c i a t e d  w i t h  t h e  metero logica l  environ- 
ment 
(a )  Temperature 
(b) P r e s s u r e  
(c)  Humidity 
( 6 )  Var iab le s  a s s o c i a t e d  w i t h  t h e  a i r c r a f t  c o m p l e x ~ ~ h i c h  
i n t r o d u c e  system e r r o r s  
(a)  V ib ra t ion  
(b) Electromagnet ic  coupling 
e P r o p e l l e r  modulation 
Electromagnet ic  r e f l e c t i o n  from t h e  
s t r u c t u r e  
e Cross-coupling ( c ros s  p o l a r i z a t i o n )  
( c )  Electromagnet ic  I n t e r f e r e n c e  
e Ground loops  
g Power system (60 t o  400 Hz and 
harmonics 
c. System Error  Model 
A s t a t i s t i c a l  d e s c r i p t i o n  of e r r o r s  a l lows one t o  break  out  
t h e  many s e p a r a t e  e r r o r s  which c o n t r i b u t e  t o  t h e  o v e r a l l  e r r o r  i n  a complex 
sca t t e rome te r  system. S e c t i o n a l  and component e r r o r s  can b e  t r e a t e d  on a n  
i n d i v i d u a l i z e d  b a s i s .  A3.1 of t h e s e  e r r o r s  can  then  b e  combined by a  root-mean- 
squa re  (rms) a d d i t i o n  (sometimes r e f e r r e d  t o  as root-sum-squared, r s s )  t o  
provide  a mean<ngful o v e r a l l  system e r r o r .  This  procedure has  been used exten- 
s i v e l y  f o r  a l l  k inds  of r ada r  system e r r o r  measurements ( ranging  and pos i t i on ing )  
and can b e  considered a s  an e s t a b l i s h e d  method f o r  des igna t ing  system e r r o r .  . 
A s  i n d i c a t e d  i n  Table  V-9, b i a s  e r r o r s ,  i f  found t o  b e  
c o n s t a n t  f o r  pe r iods  long compared t o  t h e  sca t t e rome te r  d a t a - c o l l e c t i o n  t i m e ,  
can be removed du r ing  t h e  d a t a  process ing .  A h igh ly  important  technique  f o r  
e r r o r  r educ t ion  f o r  much of t h e  e r r o r  in t roduced  by smal l  ga in  v a r i a t i o n s  (which 
u s u a l l y  escape d e t e c t i o n )  i s  found i n  r e l a t i v e  c a l i b r a t i o n s .  A l l  t h e  NASA 
s c a t t e r o m e t e r s  now inco rpora t e  a means f o r  providing continuous c a l i b r a t i o n  of 
t h e  t r ansmi t t ed  and r e t u r n  s i g n a l s  on a  r e l a t i v e  b a s i s ,  thereby  i n s u r i n g  minimun~ 
e r r o r  caused by system ga in  i n s t a b i l i t i e s  which can occur s lowly,  o r  r ap id ly .  
R e l a t i v e  c a l i b r a t i o n  methods a r e  p e r t i n e n t  t o  p r e c i s i o n  r a d a r  systems. 
The va r ious  k inds  of e r r o r s  considered i n  t h e  sca t t e rome te r  
e r r o r  a n a l y s i s  f o r  t h e  d i f f e r e n t  s e c t i o n s  and components a r e  s t a t i s t i c a l l y  
independent.  An a n a l y s i s  of t h e  v a r i o u s  e r r o r  sources  shows t h i s  t o  be  thk c a s e  
t 
f o r  a l l  p r a c t i c a l  purposes.  S t a t i s t i c a l  independence means t h a t  changes i n  one 
component, which l e a d  t o  e r r o r ,  do n o t  i n f l u e n c e  o r  couple w i t h  o t h e r  components; 
t hey  a l l  a c t  independently.  For example, t h i s  c e r t a i n l y  i s  n o t  t r u e  f o r  t h e  
k l y s t r o n  microwave power gene ra t ing  sou rce  where a  decrease  i n  r e p e l l e r  vo l t age  
causes  a r educ t ion  i n  power and a  corresponding change i n  frequency. The sav ing  
f e a t u r e  h e r e  is t h a t  t h e  coupled e r r o r s  in t roduced  a r e  extremely s m a l l  and can  be  
ignored  i n  both cases .  
A continuous s p e c t r a l  d e n s i t y  p l o t  of a l l  t h e  e r r o r s ,  from t h e  
s t a t i c  t o  t h e  r a p i d l y  changing e r r o r s  (high frequency e r r o r s ) ,  i f  s t a t i s t i c a l  
independence p r e v a i l s ,  can be  used a s  a  model t o  express  t h e  v a r i a n c e  of t h e  
t o t a l  e r r o r ,  t hus  
where 13' i s  t h e  t o t a l  system e r r o r  v a r i a n c e  and W(f) i s  t h e  e r r o r  s p e c t r a l  t. 
dens i ty .  The meaning of t h i s  i n t e g r a l  i s  b e s t  understood by cons ider ing  t h e  
u n i t s  of W(f). W(f) r e p r e s e n t s  t h e  e r r o r  squared per  c y c l e  and r e l a t e s  t o  
a l l  t h e  e r r o r  sources  i n  t h e  system which can  vary i n  frequency from zero 
(dc)  t o  some upper l i m i t  f .  I n  modeling t h e  e r r o r s ,  t h e  d i s c r e t e  sun~mation 
f o r m . i s  found more d e f i n i t i v e  and u s e f u l  f o r  determining t h e  i n d i v i d u a l  component 
e r r o r s  of t h e  t o t a l  system, which i s  
Z 
where t h e  u a r e  t h e  va r i ances  f o r  t h e  v a r i o u s  components and func t ions .  
i 
The squa re  r o o t  of Eq. V-15, o r  ct, is  lcnotm a s  t h e  roo t -  
sum-squared v a l u e  rss and i s  t h e  impor tan t  va lue  t o  be der ived  f o r  t h e  f o u r  
s ca t t e rome te r  systems. The more g e n e r a l  term rms a d d i t i o n  is  found i n  t h e  
i i t e r a t u r e .  
The o t h e r  accompanying express ions ,  i n  d i s c r e t e  form, which 
are requ i r ed  are a s  fol lows:  
where <x> i s  t h e  average v a l u e  f o r  N independent sa~nples ,  w i th  N p re fe rab ly  
l a r g e .  Also 
N 
2 where <x > i s  t h e  mean-squared v a l u e  of t h e  e r r o r ,  and 
N 9 
o r  i n  more compact form, 
where c2 is  t h e  va r i ance  and r e p r e s e n t s  t h e  f l u c t u a t i n g  p a r t  ( ac  power component) 
2 
of t h e  e r r o r  where t h e  s t eady  p a r t  (dc power component, <x> ) h a s  been removed. The 
most common e r r o r  i n d i c a t o r s  a r e :  t h e  s t anda rd  d e v i a t i o n  g iven  by c, t h e  average 
2 given  by <x>, and t h e  va r i ance  u , The most u s e f u l  of t h e s e  s t a t i s t i c a l  i n d i c a t o r s  
2 f o r  t h e  e r r o r  ana lyses  a r e  t h e  s tandard  d e v i a t i o n  u and t h e  va r i ance  u . 
Various p l o t s  showing t h e  s i g n i f i c a n c e  of  t h e s e  d i f f e r e n t  
mathematical   nod el e r r o r  express ions  a r e  d i sp l ayed  i n  F igure  V-17 which show t h e  
s t a t i c  and dynamic types  of e r r o r s ,  and some of t h e i r  c h a r a c t e r i s t i c  forms. 
To provide  a11 of t h e  informat ion  e s s e n t i a l  f o r  a n  a c c u r a t e  
e r r o r  a n a l y s i s ,  t h e r e  i s  a requirement f o r  adequate  independent samples. This  
poses no problem when b i a s  e r r o r s  a r e  be ing  determined s i n c e  t h e r e  i s  u s u a l l y  
p l e n t y  of t ime t o  t a k e  a l a r g e  number of samples. 
The important  d i f f e r e n c e  between s t a t i c  and dynamic types  of 
e r r o r  measurements is t h a t  f o r  t h e  s a t i c  c a s e  t h e  number of independent samples 
t h a t  can be  taken  i s  unl imi ted  and t h e  o b t a i n a b l e  accuracy i s  h igh  and the 
u n c e r t a i n t y  low; whereas,  f o r  t h e  dynamic c a s e  t h e  maximum number of  independent 
samples is l i m i t e d  by t h e  time a v a i l a b l e  t o  c o l l e c t  t h e  samples. Throughout 
t h e  e r r o r  a n a l y s i s  t h e  two types  of  e r r o r ,  b i a s  and dynamic, w i l l  be  poin ted  o u t  
and t h e  measurement-time f a c t o r  taken i n t o  account .  
d. E r r o r  S e n s i t i v i t y  
The s e n s i t i v i t y  of t h e  ou tpu t  s i g n a l  t o  v a r i a t i o n s  of  t h e  
parameters  f o r  t h e  measurement system can b e  analyzed by cons ider ing  t h e  doppler 
r a d a r  r e t u r n  mathematical model, and o t h e r  a p p r o p r i a t e  models f o r  t h e  a i r c r a f t  
nav iga t ion  and guidance u n i t s ,  t h e  magnetic-type recorder .and  t h e  i n t e r n a l  
and e x t e r n a l  c a l i b r a t i o n  u n i t s .  The most r e v e a l i n g  of t hese  models f o r  
s e n s i t i v i t y  and one t h a t  is  a p p l i c a b l e  t o  a l l  p a r t s  of t he  system, i s  t h e  doppler  
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r a d a r  r e t u r n  model g iven  by 
where 
Received power i n  w a t t s  a s  measured a t  t h e  r e l a t i v e  
c a l i b r a t i o n  p o i n t  i n  t h e  r e c e i v e r  
Transmit ted power i n  w a t t s  
Two-way antenna power ga in  a t  t h e  n a d i r  
Normalized r a d a r  b a c k s c a t t e r i n g  c o e f f i c i e n t  
Two way antenna a s  a  f u n c t i o n  of 8 i n  t h e  f o r e - a f t  
p l ane  
Two-way antenna p a t t e r n  f a c t o r  i n  t h e  + d i r e c t i o n  a t  
an  ang le  el 
Wavelength 
A l t i t u d e  above t e r r a i n  
Ve loc i ty  of t h e  a i r c r a f t  a long t h e  f o r e - a f t  a x i s  of 
t h e  a i r c r a f t ,  and based upon h o r i z o n t a l  f l i g h t  
1 
Lumped a t t e n u a t i o n  and r e f l e c t i o n  l o s s e s  ahead bf t h e  
r e l a t i v e  c a l i b r a t i o n  p o i n t  
Width of t h e  Doppler spectrum (given i n  Her tz  o r  
C P ~ )  
Another s e n s i t i v i t y  equat ion  a s s o c i a t e d  wi th  t h e  n o i s e  a s p e c t s  
of t h e  system t h a t  needs t o  be  considered is t h e  output  s ignal- to-noise r a t i o ,  
So/No, g iven  by 
(v-21) So 
-- = s (£1 
No F K T B  
where F is t h e  t o t a l  n o i s e  f i g u r e  over  t h e  p a r t  of t h e  system analyzed,  K 
~ o l t z m a n n ' s  cons t an t ,  T system temperature OK, and B banc1r.ridth. 
By assuming t h a t  each e r r o r  gene ra t ing  source  a c t s  
independent ly,  which is  a good assumption f o r  t h e  e r r o r  sources  involved,  t h e  
e r r o r  s e n s i t i v i t y  of each parameter,  a s  shown i n  p a r t  by E q .  V-20, can b e  
t r e a t e d  sepa ra t e ly .  However, when i t  comes t o  t h e  de te rmina t ion  of e r r o r ,  each 
e r r o r  source  must be  t r e a t e d  on e i t h e r  a b i a s  o r  random e r r o r  b a s i s  w i th  i t s  
r e s p e c t i v e  u n c e r t a n t i e s  determined from t h e  mathematical models and a c t u a l  
l a b o r a t o r y  and f l i g h t  c a l i b r a t i o n  measurements. Thus, by tak ing  p a r t i a l  
d e r i v a t i v e s  w i th  r e s p e c t  t o  each v a r i a b l e  i n  Equation V-20, t h e  s e n s i t i v i t y  
of  each v a r i a b l e  i s  g iven  i n  terms of t h e  o t h e r  parameter,  and an  express ion  f o r  
t h e  t o t a l  f r a c t i o n a l  e r r o r s  ( r a t h e r  s t a t i s t i c a l l y  conveyed e r r o r )  i n  S o r  
- 6S is given by 
S 
For i n c r e a s i n g  v a l u e s  of t h e  parameters ,  t h e  p o s i t i v e  s i g n  i n d i c a t e s  an  i n c r e a s e  
6 s ' 6 s  i n  t h e  f r a c t i o n  7 , whereas t he  n e g a t i v e  s i g n  shows a decrease  i n  - . 
S 
2. Discussion and Tabula t ion  of  E r r o r s  
It is necessary  t o  t a b u l a t e  t h e  publ i shed  o r  measured e r r o r s  (un- 
c e r t a i n t i e s )  of t h e  p e r t i n e n t  parameters  t h a t  a f f e c t  t h e  accuracy of t h e  end i tems;  
t h e  u ( 8 )  and PSD p l o t s .  Associated wi th  t h e s e  parameters a r e  c e r t a i n  components 
0 
o r  u n i t s  whose e r r o r  magnitudes and s e n s i t i v i t i e s  must b e  presented under a 
range  of ope ra t ing  cond i t i ons .  Once t h e  e r r o r s  a r e  t abu la t ed  and p rope r ly  
ca t egor i zed ,  they  can b e  sununed i n  a rss manner t o  a r r i v e  a t  s e c t i o n a l  o r  
o v e r a l l  system e r r o r s .  
S ince  t h e  0.4, 1.6 and 13.3 GHz s ca t t e rome te r s  a r e  s u f f i c i e n t l y  
d i f f e r e n t  s e p a r a t e  t a b u l a t i o n s  of  each a r e  given. The t abu la t ions  f o r  t h e  air- 
c r a f t  system, d i s p l a y  system, e t c , ,  a r e  n e a r l y  common t o  a l l  of t h e  sca t t e rome te r s  
and only  need t o  be  t a b u l a t e d  once, 
Comments about  t h e  t a b u l a t i o n  forms a r e  of inlportance, A column is  
g iven  des igna t ing  t h e  e r r o r  source.  A "remarks" col.umn is included f o r  s p e c i a l  
in format ion ,  o r  in format ion  which may l a t e r  b e  found t o  a f f e c t  the  r e s u l t s  of 
t h e  t o t a l  e r r o r  a n a l y s i s .  The e r r o r  s e n s i t i v i t y  i s  obtained from Eq. V-22 and 
i s  g iven  as a n  e r r o r  mul . t ip l ica t ions ,  Thus, t h e  s tandard  dev ia t ion  o- f o r  t h e  
p a r t i c u l a r  d i s t r i b u t i o n  of e r r o r  involved i s  g iven ,  o r  simply the  rms va lue  of 
t h e  v a r i a b l e  component of  e r r o r .  The squares  of  t h e  s tandard  d e v i a t i o n s  f o r  t h e  
v a r i o u s  independent e r r o r s  can thus  b e  summed t o  g i v e  a  t o t a l  va r i ance  f o r  t h e  
system, and i t s  square  r o o t ,  t h e  system s t anda rd  dev ia t ion .  Ts~o columns a r e  
a l l o t t e d  t o  a c t u a l  e r r o r  c a l l  ou t s .  The f i r s t  column rep resen t s  t h e  rms e r r o r  
wi thout  any processor  c o r r e c t i o n s  e i t h e r  wi th  a n  a i r b o r n e  o r  any k ind  of ground- 
based processor .  The second column is t h e  r m s  e r r o r  remaining when t h e  e r r o r  
i s  reduced t o  i t s  p r a c t i c a l  l i m i t  by e i t h e r  t h e  a i r b o r n e  d a t a  preprocessor  ar 
any k ind  of ground-based processor .  The l a s t  column r e p r e s e n t s  t h e  a c t u a l  
u n c e r t a i n t y  o r  an  rms b a s i s .  Given l i m i t l e s s  t i m e  and funds t h i s  e r r o r  could be  
reduced. 
S p e c i a l  comments a r e  necessary  about  t h e  t a b u l a t i o n s .  For example, 
f l u c u a t i o n s  i n  t h e  t r a n s m i t t e d  power l e v e l  a r e  n o t  a  source  of e r r o r  because 
t h e  r a t i o  of received-to- transmit ted power remains cons tan t  o r  is r e l a t i v e  provided 
t h e  t r ansmi t t ed  power i s  monitored cont inuous ly  o r  a t  s u f f i c i e n t  t ime i n t e r v a l s .  
Such cond i t i ons  where r e l a t i v e  measurements a r e  incorpora ted  i n t o  t h e  sca tge r -  
ometer a r e  noted i n  t h e  t a b u l a t i o n .  t i 
U n c e r t a i n t i e s ,  o r  e r r o r ,  va lues  were taken d i r e c t l y  from t h e  
manufac turer ' s  s p e c i f i c a t i o n  s h e e t  when NASA o r  Ryan d i r e c t  measurements were no t  
a v a i l a b l e .  I n v e s t i g a t i o n s  were made t o  determine t h e  e r r o r s  due t o  i n t e r f a c i n g  
t h e  va r ious  s e c t i o n s  of t h e  system and those  due t o  human involvement, L i t t l e  
in format ion  was found, More work i s  r equ i r ed  i n  t h i s  a rea .  Such e r r o r s  u s u a l l y  
cannot  be  s u b s t a n t i a t e d  and must r ep re sen t  b e s t  p o s s i b l e  es t imates .  
Tabula t ions  s e r v e  another  very  u s e f u l  purpose i n  t h a t  they  provide 
a b a s i s  f o r  upgrading the e r r o r  a n a l y s i s  a s  improved o r  a d d i t i o n a l  in format ion  
is  rece ived .  The t a b u l a t i o n s  given r ep resen t  t h e  a v a i l a b l e  and most a c c u r a t e  
e r r o r  in format ion  t o  da t e .  It  is  planned and expected t h a t  t h e  l i s t e d  va lues  w i l l  
V-131 
b e  r e f i n e d  p e r i o d i c a l l y  a s  b e t t e r  e r r o r  in format ion  i s  obtained.  
a .  Sca t te rometers  
The t a b u l a t i o n  and d i s c u s s i o n  of e r r o r s  f o r  t h e  sca t t e rome te r s  
were made as complete as p o s s i b l e  by inc lud ing  a l l  conceivable  e r r o r s  except 
t h o s e  which were deemed t r i v i a l .  This  procedure a l l o t ~ s  a  conrparison of e r r o r s  
and t h e  po in t ing  ou t  of s i g n i f i c a n t  ones and t h e i r  causes.  The d i f f e r e n c e s  i n  
t h e  0.4,  1 .6 and 13.3 GHz sca t t e rome te r s  l a y  w i t h  a  few parameters  and thus  
warran ted  s e p a r a t e  t a b u l a t i o n s  of t h e i r  e r r o r  sources  and magnitudes. 
The 13.3 GHz sca t t e rome te r  is  t r e a t e d  f i r s t  s i n c e  t h e r e  is 
s u f f i c i e n t  h i s t o r y  on i t s  performance and c a l i b r a t i o n s  t o  provide  a f a c t u a l  b a s i s  
f o r  e r r o r  t a b u l a t i o n s  and a n a l y s i s .  The most c u r r e n t  d a t a  a v a i l a b l e  t o  t h e  
a u t h o r s  was used. These e r r o r s  a r e  f i r s t  t r e a t e d  s e p a r a t e l y ,  then  summed i n  an  
rss manner t o  provide  a  system e r r o r .  Not a l l  of t h e  e r r o r s  a r e  independent 
and need t o  be  s o  recognized. 
The e f f e c t s  of system n o i s e  a r e  u s u a l l y  i m p l i c i t  i n  t h e  
measurement of t h e  va r ious  e r r o r s ;  however, c e r t a i n  a spec t s  of n o i s e  e r r o r  
v o l t a g e s  a r e  t r e a t e d  b e t t e r  a f t e r  t h e  b a s i c  e r r o r  a n a l y s i s  of t h e  v a r i o u s  system 
components and s e c t i o n s  are made. 
The environment a f f e c t s  each of t h e  components and i t s  
a s s o c i a t e d  parameters.  Only those  parameters  t h a t  a r e  s i g n i f i c a n t l y  a f f e c t e d  
are considered and a r e  shown as a s e p a r a t e  sub top ic  "Environmental Ef fec ts" ,  
E n t r i e s  can be made a s  informat ion  becomes a v a i l a b l e .  The e r r o r  e f f e c t s  a s  
a f u n c t i o n  of temperature a r e  lcnown f o r  many of t h e  components and have been 
inc luded  i n  t he  e r r o r  a n a l y s i s ,  p a r t i c u l a r l y  f o r  t h e  d a t a  preprocessor .  For 
example, i nc reased  e r r o r s  i n  k l y s t r o n  power, a m p l i f i e r  ga in ,  o r  a b s o l u t e  
c a l i b r a t i o n  Level due t o  temperature changes a r e  included.  Such e r r o r s  as 
caused by ground 1oops.and p r o p e l l e r  modulation a r e  i n  t h e  process  of being 
c o r r e c t e d  and measured. Environmental e r r o r  d a t a  can a l s o  b e  determined from 
t h e  a n a l y s i s  of a p a r t i c u l a r  co~lponent  o r  system a s  i t s  ope ra t ion  is recorded 
i n  an environmental chamber (Janza,  1963) . 
(1) 13.3 GIiz Sca t te rometer  
The e r r o r  t a b u l a t i o n  f o r  t h e  13.3 GIIz s i n g l e  p o l a r i z a t i n  
s c a t t e r o m e t e r  is  given by Table V-12. The f i r s t  e n t r i e s  a r e  a s s o c i a t e d  wi th  t h e  
parameters  given by Eq. V-20 which i s  mainly a one-dimensional s p a t i a l  model 
where va lues  f o r  0- a r e  found f o r  p a r t i c u l a r  va lues  of t h e  ang le  of i nc idence  
0 
e,, whereas t h e  remaining e n t r i e s  a r e  independent e r r o r s  which a r e  i n d i r e c t l y  
r e l a t e d  t o  s ca t t e rome te r  opera t ion .  
(a )  RF Generator,  13.3 GHz, PC 
The f i r s t  of t h e s e  e n t r i e s ,  t h e  t r ansmi t t ed  power measurement 
is  reveiwed i n  d e t a i l  t o  show t h e  k inds  and magnitudes of e r r o r s  involved.  I n  
t h e  c a l i b r a t i o n  method, t h e  r a t i o  of Pr/Pt is  always monitored. Excepe f o r  t h e  
u n c e r t a i n t i e s  i n  measuring t h e  system d i r e c t i o n a l  coupler ,  ga in ,  and waveguide 
- 
l o s s  va lues ,  P /P remains cons t an t  f o r  f i x e d  f l i g h t  and t e r r a i n  cond i t i ons .  
r t 
The r f  gene ra to r  is  a k lys t ron ,  and t h e  accuracy o f  measuring 
t h e  ou tpu t  CW power is  l a r g e l y  dependent upon t h e  s p e c i f i e d  accuracy of t h e  
c a l i b r a t e d  power meter and t h e  p r e c i s i o n  a t t e n u a t o r  used f o r  t h i s  measurement. 
These a r e  b i a s  e r r o r s .  Random e r r o r s  a r e  a s s o c i a t e d  wi th  temperature,  v i b r a t i o n  
and human measurement v a r i a t i o n s .  The e r r o r s  conta ined  i n  t h i s  l a t t e r  grouping 
were found t o  b e  i n s i g n i f i c a n t .  A s  i n s i g n i f i c a n t  e r r o r  i s  taken a t  l e s s  t han  
1% rms, 0.043 db r m s .  
. (b) At tenuator  
The accuracy of  t h e  p r e c i s i o n  a t t e n u a t o r  used t o  measure 
t h e  transmitted power i s  given a s  a maximum of f 2% of t h e  reading which was 
36.5 db. The maximum e r r o r  was 0.73 db o r  0.43 db r m s  (assuming a r e c t a n g u l a r  
d i s t r i b u t i o n  f o r  t h e  b i a s  e r r o r ) .  
(c)  Power Pieter 
The accuracy of t h e  power meter  is  given a s  - f5% of f u l l  s c a l e .  
M a x i n ~ ~ ~ m  e r r o r ,  t ak ing  a f u l l - s c a l e  reading  a s  maximum i s  - + 0.22 db o r  0.12 db mls 
( r e c t a n g u l a r  d i s t r i b u t i o n ) ,  
(d) W y s t r o n  Filament Voltage 
The k l y s t r o n  ou tpu t  power v a r i e s  wi th  changes i n  k l y s t r o n  
f i l amen t  vo l t age .  The f i l amen t  v o l t a g e  r egu la t io i l  is  0.1%. The measured 
s e n s i t i v i t y  of t h e  lc lystron a t  a  f i l amen t  vol.tage of 6  v o l t s  i s  0.14 db power 
change f o r  0.3 v o l t s  f i l amen t  change, For a O , l %  r egu la t ion ,  o r  a  change of 
0.006 v o l t s ,  t h e  power e r r o r  is  0.07%, o r  0.003 db r m s  which is c e r t a i n l y  
n e g l i g i b l e  ( l i n e a r  i n t e r p o l a t i o n  used) .  
Another cons ide ra t ion  of f i l amen t  vo l t age  e r r o r  i s  t h e  
p r e c i s i o n  wi th  which t h e  v o l t a g e  can b e  ad jus t ed .  The vol tmeter  used f o r  
making t h i s  measurement has  an  accuracy of  - + 1% giv ing  a  p o s s i b l e  f i l a m e n t  
e r r o r  reading  of - C0.063 v o l t s ,  The r e s u l t i n g  e r r o r  i n  power output  i s  aga in  
n e g l i g i b l e  (+0.5%, - 0.03 db rms) . 
(e)  Klys t ron  High Voltage Power Supply 
The k l y s t r o n  ou tpu t  is always peaked t o  o p e r a t e  i n  t h e  
i n s e n s i t i v e  p a r t  (aP) - of t h e  k l y s t r o n  power mode. Once peaked, t h e  h igh  
a v 
v o l t a g e  v a r i a t i o n  IS 0.005%. This  v a r i a t i o n  causes n e g l i g i b l e  power ou tpu t  
change. 
1 
( f )  Klys t ron  Temperature and Vibra t ion  Environment 
The k l y s t r o n  i s  designed t o  ope ra t e  over a l a r g e  ambient 
tempera ture  range wi thout  n o t i c e a b l e  power output  change provided t h e  k l y s t r o n  
i s  p rope r ly  cooled. Measured e r r o r s  from ambient temperature v a r i a t i o n s  were 
found n e g l i g i b l e ,  Limited v i b r a t i o n  informat ion  ind ica t ed  t h e  same low e r r o r  
i n d i c a t i o n s .  
The a c t u a l  power t r ansmi t t ed  t o  f r e e  space and t h a t  r e f l e c t e d  
back t o  t h e  k l y s t r o n  r f  gene ra to r  i s  dependent on t h e  impedance match of t h e  
gene ra to r  t o  t h e  waveguide-antenna t ransmiss ion  l i n e .  Thus, f o r  c a l i b r a t i o n  
purposes and t h e  e r r o r  a n a l y s i s ,  t h e  ou tpu t  power was designated f o r  t h e  VS\fi< 
looking i n t o  t h e  transm.i.ssion l i n e  f o r  t h e  k l y s t r o n ,  For VSWR of I ,  5, t h e  
r e f l e c t e d  power is  0,17 dl> rnls which i s  small. even without  t h e  ~llentioned VSllrR 
c o r r e c t i o n s ,  A s  mentiunzd be fo re ,  t h e  a b s o l u t e  c a l i b r a t i o n  oE t h e  sca t t e rome te r  
r e q u i r e s  e s , t ab l i sh ing  P / P  I n  t h e  p roces s  of e s t a b l i s h i n g  P / P  t h e  a c t u a l  
r to  r t 9  
sca t t e rome te r  is  used wi th  i t s  e x i s t i n g  VSWR's. The VSb7R e r r o r ,  though neg- 
l i g i b l e ,  i s  accounted f o r  in t h e  r e l a t i v e  c a l i b r a t i o n  procedure. 
(11) Antenna Calibration (Two-way) G 2 
- 0 
The e r r o r s  a s s o c i a t e d  w i t h  t h e  antenna need t o  b e  t r e a t e d  
d i f f e r e n t l y  than  t h e  o t h e r  e r r o s  s i n c e  they  a r e  n o t  found t o  b e  s t a t i s t i c a l l y  
independent i n  a l l  cases .  F i r s t ,  t h e  two-way power g a i n  p a t t e r n s  e r r o r s  made 
on t h e  antenna range can be  cons idered  a s  independent.  The antenna range 
measurements i nc lude  t h e  fol lowing:  
a The a b s o l u t e  power ga in  measurement f o r  a p a r t i c u l a r  
a n g l e  of i nc idence  82  and i t s  e r r o r  o r  unce r t a in ty .  
Two-way g a i n  measurements a r e  made a t  one-degree 
i n v e r v a l s ,  -75°505750,  'Eor both  p o l a r i z a t i o n s ,  VV and 
IIEE . 
o The measurement of angular  p o s i t i o n  ( ang le  of i nc idence  
ei) as r e fe renced  t o  t h e  bo res igh t  p o s i t i o n ,  o r  n a d i r  
p o s i t i o n  as r e fe renced  i n  t h e  a i r c r a f t .  
The e r r o r s  in t roduced  by t h e  u n c e r t a i n t y  i n  t h e  two-way ga in  
due t o  p i t c h ,  r o l l  and yaw a r e  dependent and, t hus ,  can n o t  be  t r e a t e d  
s e p a r a t e l y .  The angul.ar dependence no longe r  i s  only  a func t ion  of t h e  a n g l e  of 
i nc idence  0 ,  b u t  azimuth ang le  + , and r o l l  a n g l e  +. 
Simulat ion of t h e  antenna ga in  func t ion  by an a n a l y t i c a l  
f u n c t i o n  and t h e  e r r o r s  in t roduced  a r e  t r e a t e d  i n  a  s e p a r a t e  Ryan Report 
29169-15 (Delong, 1970). These s u b j e c t s  a r e  r e l a t e d  t o  t h e  computer d a t a  
r educ t ion  program and a r e  no t  considered a s  p a r t  of t h i s  a n a l y s i s .  
( i )  Two-Way Antenna 
The o r i g i n a l  two-way antenna ga in  was measured on one of t h e  
Ryan antenna ranges having a p r e c i s i o n  bo res igh t ,  The an-tenna bo res igh t  was s e t  
a t  zero ,  O O .  R e l a t i v e  measurements were made wi th  s tandard  horns f o r  t h e  angular  
range  -75'5 0s 75'. 
With t h e  t r a n s m i t t i n g  an tenna  i n  ope ra t ion  and t ak ing  t h e  
o u t p u t  of  t h e  c r y s t a l  mixer on t h e  r e c e i v i n g  antenna of s ca t t e rome te r ,  a re ference  
l e v e l  w a s  recorded on t h e  antenna p l o t t e r ,  Replacing t h e  sca t t e rome te r  w i t h  - 
t h e  s t anda rd  c a l i b r a t i o n  horns and main ta in ing  t h e  same VSWR and t r ansmi t t ed  
power l e v e l ,  t h e  output  of t h e  c r y s t a l  was aga in  recorded.  The d i f f e r e n c e  between 
t h e  two rece ived  power . leve ls  i n  db i s  d i r e c t l y  r e l a t e d  t o  t h e  ga in  d i f f e r e n c e  
i n  t h e  two antennas. 
Two ident i .ca1 horn an tennas  were used a s  t h e  a b s o l u t e  ga in  
s t anda rds ,  where t h e  a b s o l u t e  ga in  was checked by t h r e e  methods: 
e From t h e  p h y s i c a l  dimensions. (The ga in  w a s  
c a l c u l a t e d  us ing  t h e  method i n  IRE,  PGQ, October 
1950. Resu l t ,  19.30 db per  horn. 
s By measurement u s ing  t h e  i d e n t i c a l  two-horn method. 




Resu l t ,  19,26 db p e r  horn 
f4anufacturer 's  d a t a ,  Microwave Assoc ia tes  
Resul t ,  19.30 db p e r  horn. 
The maximum d i f5ee rnce  i n  t h e s e  measurements i s  0,04 db, 
whereas t h e  power ga in  unce r t a in ty  u s u a l l y  g iven  by t h e  manufacturer f o r  a  
s t anda rd  horn ranges from 0 - 1  t o  0.20 db rms. By comparing t h e  maximum 
of t h e  E and EI p a t t e r n s  a t  t h e  same ang le  a t  which t h e  E p a t t e r n  was taken,  
an  u n c e r t a i n t y  of 0 .5 db r m s  was na ted .  Th i s  u n c e r t a i n t y  was evidenced 
througtiout t h e  range 0 i 0 5 60°,  and beyond GO0 t h e  unce r t a in ty  increased  due 
t o  r e f l e c t i o n s  from t h e  mount, The worst-case unce r t a in ty  i s  t a b u i a ~ e d ,  0.5 db 
rms (normal d i s r ~ : i b r ~ t i o n ) ,  
New antenna p a t t e r n s  were prepared f o r  Teledyne Ryan by 
$ l ic rone t ics .  I n c , ,  Report R1S-69, October 1969. An a n a l y s i s  of t h e s e  p a t t e r n s  
w i t h  t h e  app ropr i a t e  assumptions t h a t  t h e  e r r o r s  were maximum va lues  of a  
random d i s t r i b u t i o n , -  The fol lowing e r r o r  va lues  were determined: 
B Antenna Power Gain 
a. Maximum e r r o r  one-way 0.5 db 
b. One sigma e r r o r  0.29 db rms 
B Standard Gain Horn 
a. One way (ave. of 0 , l  t o  0.2, mfg. da t a )  0.15 db r m s  
Gain Resolu t ion  0.01 db rms 
The root-squared rss e r r o r  becomes 
B Antenna Two-way Gain 1.4 x 2.9 
s Standard Gain Horn 2 x 0.15 
- 0.41 db rms 
- 0.30 db r m s  
0 .51 db r m s  
( j )  Transverse P a t t e r n  
The t r a n s v e r s e  two-way power ga in  p a t t e r n  f  (6,d) is  normalized 1 
t o  u n i t y  f o r $ =  0 and only  t h e  shape of t h e  p a t t e r n  i s  of im-9ortance. There is  
n e g l i g i b l e  e r r o r  due t o  t h e  p a t t e r n  shape i n  t h e  t r ansve r se  d i r e c t i o n .  
(k) Antenna Bores ight  ( S t a t i c )  
The fol lowing procedures  f o r  e s t a b l i s h i n g  t h e  r e c t a n g u l a r  
and angu la r  coo rd ina t e  system r e l a t i o n s h i p s  between t h e  antenna proper  and t h e  
power ga in  p a t t e r n  were ones used by Ryan. It is  r e p r e s e n t a t i v e  of t h e  procedures  
r e q u i r e d  t o  a c c u r a t e l y  c a l i b r a t e  t h e  an tenna  f o r  a i r c r a f t  i n s t a l l a t i o n ,  
Two-way antenna p a t t e r n s  were measured t o  def ine  t h e  gain  
changes a s  a funct ion of angle. There i s  s u f f i c i e n t  change i n  the  antenna power 
gain  p a t t e r n  a s  a funct ion of t h e  angle 8 t o  r equ i re  t h a t  t h e  measurements 
be r e f e r r e d  accura te ly  t o  f ixed reference  planes located  on t h e  antenna. For 
t h i s  reason, t h e  antenna was boresighted. 
To p rec i se ly  e s t a b l i s h  a frame of reference  f o r  angular  
r~easurements on t h e  antenna, a P r a t t  and Whitney precis ion.bores ight  mount was 
used. The mount was o p t i c a l l y  al igned t o  zero degrees i n  azimuth and e levat ion,  
and t h e  antenna was f ixed hor izon ta l ly  on t h e  mount. The object  was t o  a l i g n  
t h e  antenna t o  t h e  bores ight  mount. Po in t s  were defined on the  antenna f o r  use  
i n  a l ign ing  t h e  fore-af t ,  t r ansverse  and skew planes. 
[ l ]  Fore-aft p o s i t i o n  - A clinometer was placed on t h e  
i n t e g r a l  f l u s h  h o r i z o n t a l  antenna radome, and t h e  
antenna was adjus ted  f o r  a zere-degree clinometer reading. 
Since t h e  antenna i s  i n  a hor izonta l  plane t h i s  
adjustment e s t a b l i s h e s  t h e  90° fore-aft  reference.  
[2] Transferse  (Port-Starboard) - To e s t a b l i s h  zero degrees 
port-starboard,  t h e  cl inometer  was ro ta ted  h o r i z o n t a l l y  
90% and t h e  antenna w a s  adjusted f o r  zero-degree 
cl inometer  reading. 
[3] Skew - Nith fore-af t  and port-starboard pos i t ions  
a l igned,  t h e  bores ight  e l eva t ion  mount.was r o t a t e d  
90° placing t h e  antenna a t  v e r t i c a l  o r  zero degrees 
fore-aft .  Port-starboard remained f ixed a t  zero  
degrees. A plumb l i n e  was then dropped ac ross  t h e  
radome sur face  and punch marks w e r e  placed on t h e  
opposi te  s i d e s  of t h e  radome along the  p l u ~ ~ b  l i n e .  
The accuracies  of t h e  bores ight  alignments a r e  2 minutes of 
a r c ,  - +0.033' maximum, 0.01' rms, f o r  t h e  fore-af t  and port-starboard 
( t ransverse)  planes, and 4 minutes of a r c ,  t0.066 degree maximum, 0.04O rms 
f o r  t h e  skew plane. 
Since  t h e r e  i s  i n t e r a c t i o n  between the  fo re -a f t  and 
por t - s ta rboard  a d j u s t n e n t s ,  i t  was necessary  t o  repeat: t h e  adjustmenl: u n t i l  zero  
degree  was obta ined  i n  both  t h e  r e f e r e n c e  p lanes .  
(I) Antenna Angle (Laboratory Ca l ib ra t ion )  
The angu la r  p o s i t i o n  e r r o r  f o r  antenna p a t t e r n  measurements 
~ ? i t h  t h e  automatic  antenna range is  a maximum of f 10 minutes of a r c  o r  - 4-0.166 
degree  maximum ( rec t angu la r  d i s t r i b u t i o n ) .  This  e r r o r  f i g u r e  was a r r i v e d  a t  by 
f i r s t  manually measuring t h e  3 db p o i n t s  of t h e  H t r a n s v e r s e  p a t t e r n  a t  t h e  ze ro  
ang le  p o s i t i o n ,  and comparing i t  wi th  t h e  automatic  p a t t e r n  p l o t t e r .  
The p a t t e r n  range had no automatic  p l o t t i n g  c a p a b i l i t i e s  f o r  
e l e v a t i o n  angles  (8); t h e r e f o r e ,  it was necessary  t o  p l o t  t h e  E p a t t e r n  
manually. The antenna mount and antenna p l o t t e r  were r o t a t e d  i n  20-minute s t e p s ;  
t h e r e f o r e ,  t h e  power-gain p a t t e r n  was recorded i n  20-minute s t e p s ,  r e s p e c t i v e l y ,  
with a maximum angu la r  accuracy of k2 minutes  of a r c  o r  - 4-0.03 degree,  maximum 
( rec t angu la r  d i s t r i b u t i o n ) .  
(m) A t t i t u d e  E r r o r s  - A i r c r a f t  I n s t a l l a t i o n  
To e s t a b l i s h  t h e  b i a s  e r r o r s  f o r  a t t i t u d e  f o r  t h e  a i r c r a f t  
i n s t a l l a t i o n s ,  i t  i s  f i r s t  necessary  t o  review t h e  measurement procedure. The 
NASA a i r c r a f t  was l e v e l e d  us ing  s tandard  procedures .  A p r e c i s i o n  mounting 
j i g  was made f o r  t h e  sca t t e rome te r  us ing  t h e  NASA a i r c r a f t  mounting I ~ o l e ,  A 
c l inometer  was used fo r  l e v e l i n g  t h e  j i g  and sc r ibed  f o r  t h e  h o r i z o n t a l  re ference .  
The j i g  was shipped t o  Ryan and used f o r  shaping and r e fe recc ing  t h e  13.3 GHz 
sca t t e rome te r  an tenna  plane.  The antenna was p r e c i s i o n  bores ighted  on t h e  
b o r e s i g h t  antenna range  a11d then  shipped t o  MSC f o r  i n s t a l l a t i o n .  A f t e r  
i n s t a l l a t i o n ,  t h e  antenna w a s  l eve l ed .  The a t t i t u d e  e r r o r s  r e s u l t i n g  were a s  
[ l ]  The measured p i t c h  e r r o r  is 8 = 0.4 degree (nose up). 
(This  b i a s  i s  removable by s h i f t i n g  the  antenna ga in  
t a b l e  0 - 4  degree) .  An u n c e r t a i n t y  i n  t hese  measure- 
ments i s  assumed t o  be  t h e  same a s  f o r  t he  l a b o r a t o r y  
antenna bo res igh t  measurements: 5 . 0 3 3  degree maximum, 
0.02 degree rms. 
[ 2 ]  The measured r o l l  b i a s  e r r o r  is  cb = 0.3 degree ( r i g h t  
wing h igh ) ,  (This b i a s  e r r o r  i s  a l s o  removable.) An 
u n c e r t a i n t y  i n  t h e s e  measurements is  assumed t o  b e  t h e  
same a s  f o r  the  l a b o r a t o r y  antenna boresighs mcasure- 
lnents: - $0.066 degree  maximum, 0.04 degree r m s .  
[3 ]  The azimuth b i a s  i n s t a l l a t i o n  e r r o r  i s  4 = - 4-10 minutes  
of a r c  maximum. The azimuth e r r o r  i s  n e g l i g i b l e .  
(n) Antenna Gain Versus A t t i t u d e  
The previous antenna e r r o r  t a b u l a t i o n s  were f o r  s t a t i c  
cond i t i ons  where t h e  u n c e r t a i n t y  of t h e  antenna g a i n  was determined f o r  a 
s p e c i r i c  ang le  of inc idence  Angular e r r o r s  due t o  p i t c h  8 ,  yaw o r  d r i f t  
+, and r o l l  + were no t  included.  The u n c e r t a i n t i e s  i n  t h e s e  angular  p o s i t i o n s  
a r e  coupled t o  t h e  antenna g a i n  f u n c t i o n  and i n c r e a s e  i t s  unce r t a in ty  f o r  u s e  
i n  t h e  normal iza t ion  of t h e  u d a t a  i n  t h e  d a t a  preprocessor .  It i s  impor tan t  
0 
t o  n o t e  t h a t  o, d a t a ,  a s  publ ished,  a r e  r e l a t e d  t o  e a r t h  coord ina tes  and n o t  
t h e  a i r c r a f t  coord ina tes ;  consequent ly,  i n  t h e  normal iza t ion  process  t h e  va lues  
must b e  t ransformed t o  t h e  e a r t h  coord ina tes .  
Before d i scuss ing  t h e  antenna u n c e r t a i n t i e s  due t o  r o l l ,  and 
p i t c h  and yaw, t h e  s e n s i t i v i t i e s  of che f o r e - a f t  and t r a n s v e r s e  ga in  f u n c t i o n s  
need t o  b e  presented.  P a t t e r n s  were made f o r  t h e  E and H p lanes  i n  20-midute 
I 
increments.  A s tudy  of t h e s e  p a t t e r n s  show t h e  fol lowing s e n s i t i v i t i e s  f o r  one- 
s i d e  ( s y m ~ e t r y  assumed) : 
[l] E-plane Antenna P a t t e r n  (Two Way) 
e Maximum change of ~ 0 . 6  dbldegree f o r  50"s 8 70' 
r Change of 0.4 db/degree f o r  27"s 8537"  
o Change l e s s  than  0.2 db/degree elsewhere 
[ 2 ]  H-plane Antenna P a t t e r n  .(Two Way) 
0 Maxirnu~tl change of 4 dbldegree f o r  0.5 5 8 r 3'. 
o Change of 1 db/degree f o r  0 5  0 50.5". 
(0) P i t c h ,  Yaw and R o l l  Values 
The maximum atltount of p i t c h ,  yaw and r o l l ;  t h e i r  Ereq- 
uenc ie s ,  waveforms and r a t e s ,  encountered i n  a  NASA sca t t e rome te r  t e r r a i n  
survey  i s  information r equ i r ed  t o  show t h e  u n c e r t a i n t i e s  coupled i n t o  t h e  
s e l e c t i o n  of antenna ga in  va lues  f o r  normal iza t ion ,  Best assumptions of t h e s e  
v a l u e s  a r e  presented a t  t h i s  t ime and are t o  be  upgraded a s  r e sea rch  of t h e  
NASA f l i g h t  l o g s  of t e r r a i n  surveys improves t h e s e  va lues .  
P i t c h  Yaw o r  ' D r i f t  
Maximum Angle (degrees)  4  5 3 
Maximum Rate (degrees/second) 2 4 5 
Nominal Angle (degrees)  1 0 0 
Nominal Rate  (degrees/second) 0.25 0.5 0.5 
The e r r o r s  i n  reading  p i t c h ,  r o l l  and yaw f o r  t h e  dynamic 
c a s e  w i t h  t h e  a i r c r a f t  system a r e  shown i n  Table V-16; 0,04" r m s  f o r  p i t c h  
and r o l l ,  yaw i s  n e g l i g i b l e .  
(p) Angle of Inc idence  E r r o r  
A t o t a l  rss e r r o r  f o r  t h e  a n g l e  of inc idence  was computed 
based upon t h e  b e s t  a v a i l a b l e  da t a ,  and t h e  t a b u l a t i o n s  a r e  given i n  Table V-16. 
Of concern i n  t h i s  t a b u l a t i o n  a r e  a l l  t h e  measurement u n c e r t a i n t i e s  involved i n  
s p e c i f y i n g  a  p a r t i c u l a r  ang le  of inc idence  which is  t o  be used i n  e s t a b l i s h i n g  
Uo(Di). Antenna bo res igh t ,  antenna a n g l e  des igna t ion  a s soc i a t ed  w i t h  t h e  
p a t t e r n  measurement, a i r c r a f t  i n s t a l l a t i o n ,  and t h e  ANIAPN-153 e r r o r s  sum i n  
a n  rss fa sh ion  t o  y i e l d  a  t o t a l  u n c e r t a i n t y  i n  t h e  ang le  of inc idence  8. 
The t o t a l  rss e r r o r  i n  8 ,  which included t h e  u n c e r t a i n t i e s  i n  p i t c h ,  was found 
t o  b e  0.051' rms, This  e r r o r  i s  des igna ted  a s  0 . 
e 
U n c e r t a i n t i e s  due t o  t h e m a l ,  mechanical, record ing  and 
gyro s t a b i l i z a t i o n  were assumed t o  be n e g l i g i b l e .  I f  any of t h e s e  e f f e c t s  
a r e  found t o  be  s i g n i f i c a n t ,  t h e  e r r o r  a n a l y s i s  can b e  upgraded by t h e i r  
i n c l u s i o n s .  
The uncert . .ainties of 0 ( a l s o  t h e  a s soc i a t ed  v a r i a b l e  p i t c h )  
were t r e a t e d  s e p a r a t e l y  from r o l l  and yaw t o  siinpliEy t h e  e r r o r  a n a l y s i s  and lend 
i t  g r e a t e r  c l a r i t y .  The angles  of + and + were t r e a t e d  i n  a  l i k e  manner. The 
t o t a l  rss e r r o r  i n  (,!J (rol l . )  sas found t o  be  0.12" r m s .  The e r r o r s  i n  yaw were 
n o t  computed s i n c e  t h e i r  e f f e c t s  have been found t o  be n e g l i g i b l e .  
Applying t h e  t o t a l  rss e r r o r  @ , a s  a  mul t ip ly ing  f a c t o r  t o  
t h e  E-plane antenna ga in  s e n s i t i v i t y ,  t h e  g a i n  unce r t a in ty  can be  deter~rlined 
as ? 
Er ro r  (db) = E-pat tern antenna ga in  s e n s i t i v i t y  (dbldeg) x 8, 
For t h e  worst  c a s e  E-plane p a t t e r n  v a r i a t i o n  i n  t h e  angu la r  
range  5 0 5  8 5 7 0 ° ,  t h e  e r r o r  i s  
-- 0 e 6  db x 0.051 degree  rms = 0.03 db nns 
degree 
This  i s  a n e g l i g i b l e  e r r o r .  
Applying t h e  t o t a l  r m s  e r r o r  +, as a mul t ip ly ing  f a c t o r  to 
t h e  H-plane antenna ga in  s e n s i t i v i t y ,  t h e  ga in  u n c e r t a i n t y  can b e  determined 
as 
(v-24) Error  = H-pattern antenna ga in  s e n s i t i v i t y  (db/deg) 
+ E  
For t h e  worst  c a s e  H-plane palltern v a r i a t i o n  i n  t h e  angular  
range  0.5 5 + r 3 O ,  t h e  e r r o r  is  
4 db x 0.12 degree  rms = + 0.48 db rms 
---- - 
degree 
This  e r r o r  i s  l a r g e  b u t  a t  t he  same time no t  r e l e v e n t  s i n c e ,  
i t  does n o t  produce a  s i g n i f i c a n t  e r r o r  i n  t h e  es tab l i shment  of uo. TZlis 
r e s u l t s  because t h e  fan-beam antenna p a t t e r n  i s  merely r o t a t e d  a  very smal l  
a n g l e  about  t h e  f o r e - a f t  c e n t e r l i n e  of t h e  a i r c r a f t  ( t h e  ga in  changes a s  cos ine  
(1 where (1 is  smal l )  , 
(q)  Yaw Er ro r  
The u n c e r t a i n t y  i n  t h e  measurement of yaw o r  d r i f t  wi th  t h e  
ANIAPN-153 achieved over  t h e  t o t a l  performance range of speed, a l t i t u d e  and 
environment i s  given a s  0.17% of -- +0.007 db ms. It i s  assumed t h a t  ' t h i s  
was talcen t o  b e  an rms e r r o r  f o r  a  radom-error d i s t r i b u t i o n ,  
D r i f t  merely r o t a t e s  t h e  antenna p a t t e r n  about  t h e  n a d i r .  
For t h e  c o l l e c t i o n  of s t a t i s t i c a l  d a t a ,  and p a r t i c u l a r l y  where u o ( Q , $ )  i s  
independent of t h e  d r i f t  angle ,  v a r i a t i o n s  i n  4 f o r  -6's Q 5 6 O  a r e  n e g l i g i b l e  
i n  producing e r r o r  e i t h e r  i n  t h e  reading of  t h e  antenna ga in  o r  determining 
mo (8) 
( r )  ~ n t e n n a  
This  s ca t t e rome te r  system has  only t h e  W mode of ope ra t ion  
( v e r t i c a l  t r ansmi t  and v e r t i c a l .  r e c e i v e ) ;  consequently,  p a t t e r n  d i f f e r e n c e ,  
coupl ing  (VH o r  HV), and tinling e r r o r s  a r e  n o t  of concern. These d i f f e r e n c e s  
a r e  considered f o r  t h e  13.3, 1 .6  and 0.4 GHz dua l  p o l a r i z a t i o n  sca t t e rome te r  
s y s  tems . 
( s )  Received Power (Pr) f 
The l e v e l  of t h e  rece ived  power Pr i s  determined by c a l i b r a t i o n  
.with a n  a b s o l u t e  r e f e r e n c e  s i g n a l  e s t a b l i s h e d  through t h e  use  of a  f e r r i t e  
modulator.  Of concern a r e  t h e  e r r o r s  in t roduced  by t h e  i n i t i a l  c a l i b r a t i o n ,  
i n s e r t i o n  l o s s ,  temperature v a r i a t i o n  s t r a y  magnetic f i e l d s  and v i b r a t i o n .  
A b r i e f  d e s c r i p t i o n  of t h e  f e r r i t e  ~nodula tor  i s  necessary  t o  
provide  a  background f o r  t h e  fol lowing a n a l y s i s  and e r r o r  t a b u l a t i o n s .  The 
modulator c o n s i s t s  of a  f e r r i t e  s l a b  placed appropr i a t e ly  i n  t h e  waveguide 
which on t h e  r e c e i v e r  s i d e  of t h e  13.3 GlIz sca t t e rome te r  between t h e  d i r e c t i o n a l  
coupler  f o r  t h e  l o c a l  o s c i l l a L o r  and t h e  microwave d e t e c t o r ,  The modulating 
c o i l  i s  around t h e  o u t s i d e  of t h e  f e r r i t e  and is  e x c i t e d  by an audio o s c i l a t o r  
(10 - 1 ? * 5 ~ H z ) +  
The f e r r i t e  modulator was p r e c i s e l y  c a l i b r a t e d  w i t h  a  
startclard n o i s e  bench which uses  a  p r e c i s i o n  n o i s e  lamp, and is  c a l i 5 r n t e d  f o r  
13.3 GHz,  The f e r r i t e  modulator c a l i b r a t i o n  c o n s i s t s  of t h e  fo l lowing  s t e p s .  
[ l ]  Determinat ion of r f  power i n t o  t h e  f e r r i t e  modulator  
[ 2 ]  Ffeasurement of f e r r i t e  modulator i n s e r t i o n  l o s s .  
[3 ]  Measurement of r f  power output  ve r sus  c o i l  v o l t a g e ,  
l o c a l  o s c i l l a t o r  power, frequency and temperature 
The r f  power i n t o  t h e  f e r r i t e  modulator was determined by 
r e p l a c i n g  t h e  f e r r i t e  modulator s e c t i o n  w i t h  an r f  power meter  on t h e  a c t u a l  
antenna assembly. This  measurement inc luded  t h e  a c t u a l  k l y s t r o n  power used 
i n  ope ra t ion ,  a t t e n u a t i o n  i n  t h i s  power due t o  i n t e n t i o n a l  t r a n s m i t t e r -  
r e c e i v e r  coupling (L.O,),  waveguide l o s s e s ,  and u n i n t e n t i o n a l  r f  l eakages .  
The f e r r i t e  modulator i n s e r t i o n  l o s s  was determined by 
measuring t h e  r f  power ou tpu t  wirh and wi thout  t h e  f e r r i t e  modulator and ~ 4 7 a s  
found t o  be 0.3 db. 
The output  power from t h e  f e r r i t e  modulation v a r i e s  a s  
fo l lows  : 
* It was measured and found t o  be  p ropor t iona l  t o  t h e  
squa re  of t h e  c o i l  v o l t a g e  ( d i r e c t l y  p ropor t iona l  t o  
c o i l  power) f o r  c o i l  vo l t ages  between 40 t o  1,000 mv. 
o It was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l o c a l  o s c i l l a t o r  
r f  power between 0 t o  -10 dbm. 
It decreased w i t h  inc reas ing  audio frequency. 
o It was cons t an t  t o  0.2 db rms f o r  t h e  temperature 
range -10' t o  f60° c e l c i u s  
The r f  c a l i b r a t i o n  po:.rer from t h e  f e r r i t e  modulator is given 
by Pm = Pt C Lf G,(T, f )  v~~ where P is  t h e  t ransmi t ted  s i g n a l  power, C t h e  t 
t r ansmi t t e r - r ece ive r  coupling f a c t o r ,  Lf i s  t h e  i n s e r t i o n  l o s s  of t h e  f e r r i t e  
modulator ,  Gf t h e  f e r r i t e  modulator ga in  f a c t o r  f o r  the modulation frequency 
(10 - 12,5 IWz) , and V t h e  c o i l  vo l t age .  
C 
The abso lu t e  va lue  of no (@)  is  computed from t h e  r a t i o  S/P,, 
Eq. (V-20) such t h a t  t h e  f a c t o r s  P t  and Lf c ance l ,  o r  t h e  computation i s  
independent of Pt and Lf. 
The measurement e r r o r s  i n  c a l i b r a t i o n  of P wi th  t h e  f e r r i t e  
r 
modulator a r e  d i r e c t l y  r e l a - t ed  t o  t h e  fol lowing:  
* Transmi t~ t ing- rece iver  coupling f a c t o r  ( d i r e c t i o n a l  
coup le r s  provid ing  t h e  L. 0.  ) . Ffaximum e r r o r  - 1-0.5 db , 
o r  - +O. 29 db r m s  ( r e c t a n g u l a r  d i s t r i b u t i o n ) .  
F e r r i t e  modulator g a i n  f a c t o r .  Maximum e r r o r  -. 4-0.5 db 
o r  0.29 db rms ( rec t angu la r ) .  
S e t t i n g  of modulating. coril vo l tage .  Maximum reading  
e r r o r  - +3% o r  - $0.13 db o r  0.075 db nns ( r ec t angu la r ) .  
S e n s i t i v i t y  0,15 db rms 
* S e t t i n g  of modulating frequency (10 - 12.5 mz), Audio 
osc i l . l a to r  Hewlett  Packard Model 241A. Long-term 
s t a b i l i t y  0,04% o r  5 . 0 1 7  db, R e p e a t a b i l i t y  0,02% o r  
4-0.009 db. 
- 
The f e r r i t e  modulator was s u b j e c t  t o  v i b r a t i o n  t e s t s  on the  
v i b r a t i o n  t a b l e s .  N o  app rec i ab le  change i n  t h e  c a l i b r a t i o n  s i g n a l  was observed. 
Fu r the r  measurements a r e  r equ i r ed  t o  show t h e  e r r o r s  r e s u l t i n g  from t h e  presence 
of lcno~m o r  s t r a y  magnetic f i e l d s  i n  t h e  v i c i n i t y  of t h e  f e r r i t e  modulation. 
( t )  Wavelength, X 
The I t lys t ron  frequency (wavelength) v a r i e s  s l i g h t l y  w i th  
changes i n  ambient t e m ~ e r a t u r e ,  2 100 l ~ z / d e g r e e  C. f o r  est imated temperature 
extremes f o r  t h e  NASA a i r c r a f t  of 40 - 1 4 0 ' ~  ( 5 T ° C ) ,  t h e  change i n  t r ansmi t t ed  
wavelength i s  0.036%. Mul t ip l i ed  by t h e  f a c t o r  of 3 f o r  s e n s i t i v i t y  t h i s  i s  an  
e r r o r  of O , l %  which i s  n e g l i g i b l e ,  
(u) Amplif iers  ($1, ) 
1 
The a m p l i f i e r s  used i n  t h e  Ryan 13.3 GHz s i n g l e  p o l a r i z a t i o n  
s c a t  t e r o ~ n e t e r  a r e  t1.70 P f i l l ivac  Instruments  Nodel VS-6LtA Hushed-'Crnnsistor , and 
two Kin te l  Model 121A boost  a m p l i f i e r s .  The output  of t h e  boost  a m p l i f i e r s  
i s  coupled through a l a r g e  c a p a c i t o r  and i s o l a t i o n  t ransformer.  Ampl i f ie rs ,  
c a p a c i t o r s  and t ransformers  a r e  included i n  t h e  e r r o r  measurements of  t h e  
a m p l i f i e r  r o l l - o f f  frequency response crrrve. E r ro r s  were found due t o  c a l i b r a t i o n ,  
a m p l i f i e r  i n s t a b i l i t y  and in te rpola t i .on .  C a l i b r a t i o n ,  i n t e r p o l a t i o n  and v o l t -  
meter accuracy e r r o r s  a r e  no t  removed by d a t a  preprocessing.  Curren t ,  r a t h e r  
t h a n  e a r l y ,  e r r o r  cond i t i ons  and va lues  a r e  given. 
The most r ecen t  c a l i b r a t i o n  unce r t a in ty  va lue  f o r  a m p l i f i e r  
r o l l  o f f  f o r  l and  and s e a  d a t a  ga the r ing  p o s i t i o n s  and f o r  d i s c r e t e  angu la r  
p o s i t i o n s  w a s  g iven  as - C2% r m s  f o r  each a m p l i f i e r  channel,  o r  2,8% r m s  between 
channels ,  where each of t h e  cos ine  and s i n e  channels  was t r e a t e d  a s  independent,  
r e s u l t i n g  i n  a 0.12 db r m s  e r r o r .  
S ince  r o l l - o f f  va lues  are s t a t e d  i n  db f o r  c e r t a i n  s p e c i f i e d  
f r equenc ie s  i t  i s  necessary  t o  i n t e r p o l a t e  f o r  va lues  f o r  d i f f e r e n t  ang le s  of 
i nc idence  which can r e s u l t  from a t y p i c a l  f l i g h t  mssion condit ion.  I n t e r -  
p o l a t i o n  e r r o r s  a r e  es t imated  a t  0.12 db r m s  and t h e  e r r o r  e s t ima t ion  r a t i o n a l e  
fo l lows  t h a t  f o r  t h e  c a l i b r a t i o n  e r r o r  above, 
The e r r o r  a s s o c i a t e d  w i t h  t h e  Ba l l en t ine  302C vo l tme te r  f o r  
measuring t h e  r o l l - o f f  is given a s  - C0.3 db maximum o r  0.17 db rms. 
The e a r l y  s t a b i l i t y  d a t a  f o r  each channel of t h e  Model VS-64A 
p r e a m p l i f i e r  i s  given a s  - f 1.0 db maximum (3u) and t h a t  of t h e  Model 121A boost: 
a m p l i f i e r s  i s  given a s  20.4% maximuin, bo th  t h e  cos ine  and s i n e  channels  were 
t r e a t e d  as independent f o r  t h e s e  a m p l i f i e r s ,  thus  t h e  corresponding e r r o r s  a r e  
0.50 db rms and 0.009 db rms. The g a i n  s t a b i l i t y  e r r o r s  a r e  removed by t h e  
d a t a  preprocessor  AGC c o n t r o l  loop, 
(v) Mixer Conversion 
The f i r s t  mixers  were inc luded  i n  t h e  aii lplifies cha in  r a t h e r  
t han  t z e a t i n g  them under a  s p e c i a l  subtopic .  S ince  they a r e  inf luenced  by 
temperature v a r i a t i o n  an  e r r o r  va lue  w a s  es t imated  f o r  t h e  conversion g a i n  f o r  
t h e  cos ine  and s i n e  channels .  The r e s u l t a n t  e r r o r  is taken a s  0.7 db rms. 
(w) Losses (L) 
CJaveguide ancl VSI'IR l o s s e s  were found t o  cance l  us ing  t h e  
f e r r i t e  modulator c a l i b r a t i o n  method, The c a l i b r a t i o n  output  power was found 
independent of Pt and of L except  f o r  some minute waveguide lo s ses .  
(x) Ve loc i ty  
The e r r o r s  a s s o c i a t e d  w i t h  t h e  measurement of a i r c r a f t  ground 
speed depend upon t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  fol lowing:  
e Doppler nav iga to r ,  hN/A~N-l53, ground speed e r r o r ,  
0.007 db -ms (has se l f -conta ined  p i t c h  s t a b i l i z a t i o n )  
Q Naviga t iona l  computer se-t, AN/ASN-42. E r ro r  in t roduced  
when v e l o c i t y  d a t a  froln t h e  ANJAPN-153 i s  n o t  given.  
(y) Veloc i ty  Var i a t ions  
Veloc i ty  v a r i a t i o n s  about  t h e  s e l e c t e d  h o r i z o n t a l  f l i g h t  
miss ion  v e l o c i t y  r e s u l t  i n  a  s h i f t i n g  of t h e  Doppler spectrum. Var i a t ions  
can  occur i n  t h e  h o r i z o n t a l  and v e r t i c a l  v e l o c i t i e s .  The e r r o r s  r e s u l t i n g  
i n  uo can be  removed by t h e  a i r b o r n e  d a t a  preprocessor  o r  by t h e  ground-based 
d a t a  processor .  S ince  v e r t i c a l  v e l o c i t y  measurements a r e  n o t  made by t h e  
NASA Remote Sensor A i r c r a f t  such v e l o c i t y  e r r o r s  can n o t  be  co r r ec t ed ;  con- 
sequentl-y t h e  magnitudes of t h e  angu la to r  and F~ e r r o r s  caused by v e r t i c a l  
v e l o c i t y  a r e  of i n t e r e s t .  Vi th  c o r r e c t i o n s  t h e  v e l o c i t y  e r r o r s  r e v e r t  t o  
only  those  of t h e  fhY-IVN-15 Doppler Navigator,  o r  0.007 db rms. Bokh t h e  
h o r i z o n t a l  and v e r t i c a l  v e l o c i t y  e r r o r s  a.re reviewed. 
The maxirnu~n change i n  hor izonta l .  v e l o c i t y  from a r ep resen t -  
a t i v e  sca t te ro lne ter  f l i g h t  survey from t h e  beginning t o  t h e  end of run  i s  
i n d i c a t e d  t o  be  about  20 knots .  F l i g h t  v e l o c i t i e s  range from 160-200 knots  
nominally.  The maximum percentage e r r o r  i n  v e l o c i t y  i s  taken a s  - +12.5%, and is  a 
random e r r o r  such t h a t  l o -  v a l u e  is  0.1.8 db n n s .  
Ve loc i ty  v a r i a t i o n s  expand o r  c o n t r a c t  t h e  Doppler spectrum 
and cause  a fixed-frequency f i l t e r  t o  measure u, a t  t h e  wrong angle.  The 
angu la r  e r r o r  s e n s i t i v i t y  due t o  h o r t z o n t a l  v e l o c i t y  v a r i a t i o n s  i s  g iven  by 
(V-25) A0 = 57.3 = t a n  9 (degrees)  
V H  
For t h e  maximum ang le  of 60 degrees,  a  5 degree  s h i f t  fo rA0occur s  o r  1 , 7 O  r m s .  
Th i s  w i l l  r e s u l t  i n  a maximum 3.0 db, o r  1.02 db rms, e r r o r  i n  a b ,  i f  t h e  s lope  
of t h e  uo curve i s  0.6 db pe r  degree,  (This  v a l u e  was est imated from t l ~ p i c a l  
Uo p l o t s  away from the. nad i r . )  This  e r r o r  can be  ren~oved by measuring t h e  
v e l o c i t y  o r  t r a c k i n g  t h e  v e l o c i t y  change a s  w i t h  t h e  d a t a  preprocessor .  
The maximum al.lowab1.e v e r t i c a l  v e l o c i t y  f o r  accep tab le  
d a t a  i s  i n d i c a t e d  a s  being 6 f e e t  per  second. This  v e l o c i t y  causes t h e  spectrum 
t o  b e  s h i f t e d ,  f d  = 2 v ~  cos  B , which causes  a n  angular  e r r o r  of A8 - 57.3 v / v  
T 6 H 
where v and v a r e  t h e  v e r t i c a l  and h o r i z o n t a l  v e l o c i t i e s  r e s p e c t i v e l y ,   for V H 
a h o r i z o n t a l  v e l o c i t y  of 300 f e e t  per  second, t h i s  causes a maximum angular  
e r r o r  of degree,  o r  0.38 degree r m s .  This  i n  t u r n  w i l l  cause a maximum 
0.69 db e r r o r  i n  uo, o r  0.23 db rms, i f  t h e  s l o p e  of t h e  u curve i s  aga in  taken 
0 
a s  0.6 db per  degree. This  e r r o r  c a l c u l a t i o n  i s  pure ly  informat ive  t o  show t h e  
magnitude of t h e  e r r o r .  B e t t e r  v e l o c i t y  d a t a  a r e  requi red  f o r  t h e  t abu la t ion .  
This  e r r o r  can  be removed by measuring t h e  v e r t i c a l  v e l o c i t y  and moving t h e  
f i l t e r s  t o  t h e  c o r r e c t  Doppler frequency. For t h e  t a b u l a t i o n ,  i t  i s  assumed 
t h e  v e r t i c a l  v e l o c i t y  measurements a r e  t o  b e  made by NASA i n  t h e  f u t u r e .  
( z )  Radar A l t i t u d e  
The e r r o r s  r e s u l t i n g  from a l t i t u d e  measurement a r e  l a r g e l y  
dependent upon the  nccuracy o f  t h e  AP?/i?PN-153 r a d a r  a l t i m e t e r  and i t s  a s soc i a t ed  
i n d i c a t o r  and readout  c o n t r u l s ,  
The r a d a r  a 1  t ime te r  accuracy s p e c i f i c a t i o n  f o r  the  a l t i t u d e s  
9 - 70,000 f e e t  a r e  i n s i g n i f i c a n t  be ing  - f 8  f e e t  o r  - I-I%, whichever is  g r e a t e r  
over  t h e  a l . t i t u d c  range of 9 t o  70,000 f e e t .  Mul t ip l ied  by t h e  s e n s i t i v i t y  
f a c t o r  of 2  t h e  e r r o r  va lues  a r e :  - +2% maximum o r  - 4-0.087 db maximun~ o r  0.03 
db r m s  ( l u )  . 
The h igh  accuracy AN/AI?N-159 r a d a r  a l t i m e t e r  system provides  
t h e  follov7ing c a p a b i l i t i e s  : 
a '  n70 i n d i c a t o r s  f o r  a l t i t u d e  d i s p l a y  
e Three-wire dua l  speed synchro d a t a  p ropor t iona l  t o  
a l t i t u d e  f o r  t h e  i n e r t i a l  nav iga t ion  system (AN/ 
ASN-42) and a u x i l i a r y  d a t a  anno ta t ion  equipment. 
a AC v o l t a g e  p ropor t iona l  t o  a l t i t u d e  (AC induc t ion  
poten t iometer ) .  
@ DC v o l t a g e  p r o p o r t i o n a l  t o  a l t i t u d e  (two poten t io-  
meters  5 K  and 20K ohms). 
a 
The e r r o r s  s p e c i f i e d  by t h e s e  c . a p a b i l i t i e s  a r e  t abu la t ed  
f o r  completeness. The worst-case e r r o r  sou rce  f o r  ob ta in ing  t h e  a l t i t u d e ,  
t h e  AC induc t ion  poten t iometer ,  i s  used i n  t h e  o v e r a l l  e r r o r  a n a l y s i s .  Thls  
in format ion  i.s t o  be  upgraded. These e r r o r s  a r e  shown i n  Tablev-17 w i t h  t h e  
s e n s i t i v i t y  f a c t o r  fncluded.  It is  assumed t h a t  t h e  manufac turer ' s  spec- 
i f i c a t i o n  were f o r  maximum e r r o r .  The e r r o r s  were assnnnled t o  have a normal 
d i s t r i b u t i o n .  The va lues  i n  Table V-17 a r e  a l s o  t abu la t ed  i n  Table V-12 f o r  
a l t i t u d e  e r r o r .  
(aa)  Environmental E f f e c t s  
The e r r o r s  in t roduced  by environmental. e f f e c t s  come from 
some of t h e  fol lowing a reas :  
s I n t e r f a c e s  
( a )  17F coupl ing ,  r f  r e f l e c t i o n s  ( p r o p e l l e r  modulation) 
(b) Low-Erecluency: 60,000 Hz source  and harmonics and 
ground' loops  
(2) Thermal 
(3) V ib ra t ion  
(4) Humidity 
The amount of e r r o r  in t roduced  by t h e s e  sources  and t h e i r  
independence i s  now under i n v e s t i g a t i o n  and w i l l  b e  included a s  soon a s  t h e  d a t a  
a r e  a v a i l a b l e  from e i t h e r  measurements o r  ana lyses .  
(ab) Signa Sense 
Phase s h i f t  e r r o r s  between t h e  two channels  w i l l  i n t roduce  a n  
e r r o r  s i n c e  t h e  a b i l i t y  t o  s e p a r a t e  f o r e  and a f t  doppler  d a t a  is  reduced. Such 
phase s h i f t s  are n e g l i g i b l e .  Of importance, however, i s  t h a t  t h e  ga in  i n  each 
channel  be i d e n t i c a l ,  Th i s  i n t roduces  a m p l i f i e r  s t a b i l i t y  where t h e  M i l l i v a c  
Model VS-64A p reampl i f i e r s  showed a n  e r r o r  of  - f 1 , O  db maximum, ( 3 ~ ) .  The 
p r o b a b i l i t y  d i s t r i b u t i o n  i n  e r r o r  i s  expected t o  be  normal; t h e r e f o r e ,  t h e  -rms 
v a l u e  i s  0.37 db ( lu ) .  S ince  t h e r e  aye  two channels  which a r e  cons idered  
independent,  t h e  t o t a l  r m s  e r r o r  is  0.51 db. Other a m p l i f i e r s  a r e  i n  cascade,  
however, t h e i r  s t a b i l i t i e s  a r e  excep t iona l ly  good and c o n t r i b u t e  n e g l i g i b l e  
e r r o r .  This  e r r o r  can be reduced by p re - - f l i gh t  g a i n  adjustments  t o  ba lance  t h e  
two a m p l i f i e r  channels  and can b e  e l imina ted  by c a r e f u l  d a t a  processing.  The 
d a t a  preprocessor  e l imina te s  t h i s  e r r o r  sou rce  through t h e  a p p l i c a t i o n  of  
au tomat ic  ga in  c o n t r o l  on both  t h e  c a l i b r a t e  and non-ca l ibra te  channels.  
(3) 13.3 and 1.6 GHz F iu l t i po la r i za t ion  Sca t te rometers  
The d i f f e r e n c e s  between t h e  b a s i c  13.3 GHz  s i n g l e  W p o l a r i z a t i o n  
sca t t e rome te r  and t h e  13.3 and 1.6 GIIz  1~u l t i po3 .a r i za t ion  sca t t e rome te r s ,  a s  f a r  
a s  t h e  e r r o r  a n a l y s i s  i s  concerned, a r e  minor i n  an o v e r a l l  rss e r r o r  v a l u e  
except  f o r  t h e  antenna g a i n  e r r o r s .  The m u l t i p o l a r i z a t i o n  sca t te roern ters  d i f f e r  
mainly i n  t h e  fol lowing few a reas :  
V-150 
s There . a r e  s e p a r a t e  t r ansmi t  and r e c e i v e  antennas f o r  each 
p o l a r i z a t i o n  wi th  fou r  d i f f e r e n t  ;:odes o f  ope ra t ion ,  
A s p e c i a l  pin-diode modulator provides t h e  absol-ute r e f e r e n c e  
c a l i b r a t i o n  f o r  t h e  13.3 and 1.6 GHz sca t t e rome te r .  ( I t  
i s  n o t  in f luenced  by coupled magnetic f i e l d s  a s  w i t h  t h e  13.3 
GHz s i n g l e  p o l a r i z a t i o n  f e r r i t e  modulator.)  
e The CW t r ansmi t t ed  power f o r  t h e  13.3 GHz m u l t i p l o a r i z a t i n n  
u n i t  i s  nominally set a t  1 5  w a t t s  which i s  1 0  db 
h ighe r  than  f o r  t h e  13 .3  GHz s i n g l e  p o l a r i z a t i o n .  
( a )  Antenna Cons idera t ions  
The antennas were measured independent ly by Ryan and Micro- 
n e t i c s .  The a b i l i t y  t o  make p a t t e r n  power measurement by e i t h e r  company 
i s  nominally s e t  a t  0.5 db peak, o r  0,29 db r m s  ( r ec t angu la r  d i s t r i b u t i o n ) .  
Th i s  e r r o r  va lue  does n o t  seem t o  d i f f e r  too  much f o r  t h e  measurements on 
t h e  h ~ o  ranges f o r  reasonable  s i z e  an tenna  s t r u c t u r e s  (13.3 and 1 ,6  GHz 
antennas) .  
The e r r o r  assoc ia ted  w i t h  i s o l a t i o n ,  r f  coupl ing and 
s i d e l o b e s  needs t o  be  considered,  The i s o l a t i o n . b e t w e e n  t h e  t r ansmi t t i ng ' and  
r e c e i v i n g  antennas f o r  t h e  13.3 GHz s i n g l e  p o l a r i z a t i o n  is  l e s s  t han  52 db 
which i s  22 db l e s s  than  t h e  l o c a l  o s c i l l a t o r  coupling r equ i r ed  t o  f eed  t h e  
c r y s t a l  mixer,  Both couplings come from t h e  same source  k lys t ron .  The 
e r r o r s  introduced t o  t h e  c a l i b r a t e  r e f e r e n c e  s i g n a l  a r e  negl i 'g ible .  
The i s o l a t i o n  f o r  t h e  13.3 GHz m u l t i p o l a r i z a t i o n  s c a t t e r -  
ometer i s  l e s s  than 50 db t o  e i t h e r  t h e  v e r t i c a l l y  o r  h o r i z o n t a l l y  po la r i zed  
an tennas ,  and t h e  r e s u l t i n g  c a l i b r a t i o n  e r r o r s  a r e  aga in  n e g l i g i b l e ,  
The i s o l a t i o n  f o r  t h e  1 .6  GHz sca t te rometer  is  40 db f o r  
t h e  v e r t i c a l  r e c e i v e  antenna and 55 db f o r  t h e  h o r i z o n t a l  r ece ive  antenna,  
Again n e i t h e r  of the-se couplings are e r r o r  producing s i n c e  no Doppler can be 
developed except  where t h e  s i g n a l  i s  r e f l e c t e d  from t h e  a i r c r a f t  s t r u c t u r e  
i t s e l f .  
The two-way s i d e  l o b e  l e v e l  f o r  t h e  t r n n s f e r s e ,  o r  H-pattern 
of t h e  antenna f o r  the 13.3 GHz szngle-polar ized  antenna was measured t o  b e  
56 db down from t h e  main l o b e  f o r  t h e  worst  c a s e ,  Amplitude e r r o r  c o n t r i b u t i o n s  
from t h e  s i d e  lobes  a r e  t h e r e f o r e  expected t o  b e  n e g l i g i b l e  unless  a n  unusual- 
non-f la t  t e r r a i n  were encountered which i s  very  unl ike ly .  
For t h e  13.3 GHz mult ipo1.ar izat ion sca t t e rome te r ,  t h e  worst  
s i d e l o b e  l e v e l  was measured l e s s  than  -40 db f o r  bo th  t h e  v e r t i c a l  and h o r i z o n t a l  
an tenna  p a t t e r n  measurements, aga in  t h e  s i d e l o b e  e r r o r s  can be  neglec ted .  
The two-way s i d e  lobe  l e v e l  f o r  t h e  1,G GHz sca t t e rome te r  
was shown t o  b e  cons iderably  h ighe r  o r  about  -20 db f o r  t h e  maximum e r r o r  i n  
t h e  r e t u r n  s i g n a l  r e s u l t i n g  from c o n t r i b u t i o n s  from t h e  s ide lobes  i s  taken a t  
+1% maximum, ~ I u l t i p l y i n g  t h i s  by t h e  s e n s i t i v i t y  f a c t o r  of 2  (h- range  R) r e s u l t s  
- 
i n  a maximum e r r o r  of  - f 2 %  o r  0.05 db r m s  ( r ec t angu la r  d i s t r i b u t i o n ) ,  
(b) Antenna Gain S e n s i t i v i t y  
The antenna ga in  s e n s i t i v i t y  is defined as the  change i n  
t h e  power d e n s i t y  p a t t e r n  a s  a f u n c t i o n  of t h e  ang le  of incidence.  Using t h e  
Ryan and Micronet ics  antenna power p a t t e r n  p l o t s ,  both t h e  13.3 and 1.6 GHz 
mul t ipo l .a r iza t ion  antennas have a  maximum s e n s i t i v i t y  of - 3- 0,6 db/degree and 
3- 0,7 db/degsee r e s p e c t i v e l y ,  o r  they  a r e  almost t h e  same a s  f o r  t h e  13.3 GHz 
- 
s i n g l e  p o l a r i z a t i o n  sca t t e rome te r .  These s e n s i t i v i t i e s  a r e  e s s e n t i a l l y  t h e  
same f o r  bo th  p o l a r i z a t i o n s .  Thus, t h e  s e n s i t i v i t y  e r r o r  va lues  i n  Table V-12,  
I tem 2,  on ly  become important  p a r t i c u l a r l y  when s i g n i f i c a n t  e r r o r s  are i n t r o -  
duced due t o  v a r i a t i o n s  i n  t h e  a i r c r a f t  p i t ch .  
(c) Antenna Gain E r r o r s  
The e r r o r s  found f o r  t h e  mul t ipo la r i zed  antennas are l i s t e d  
t o g e t h e r  f o r  comparison: 
ERROR (db) 
1. ~ o t i e r  G?in Measurement (Peak) 
Rectangular  E r ro r  
2. Standard Gain Horn (Pealc) 
Rectangular E r r o r  
3 .  Gain Resolut ion 
Two-way Power Gain Er ro r  
( Z x one-.way) 
Two-way Horn Gain Er ro r  
( t imes 2 ,  d i r e c t  v e c t o r  
a d d i t i o n )  
T o t a l  rss 
* Two-way e r r o r  i nc ludes  s tandard  an tenna  g a i n  e r r o r  es t imate .  
(d) K,P. Generators  
The 13.3 GHz m u l t i p o l a r i z a t i o n  sca t t e rome te r  has  a v a t e r -  
cooled k l y s t r o n  wi th  a long- and shor t - te rm frequency power s t a b i - l i t y  of - t0,01Z. 
The e r r o r  r e s u l t i n g  from such s t a b i l i t y  i s  n e g l i g i b l e  and t h e  c a l i b r a t i o n  e r r o r s  
found i n  Table V-12, I tem 1, a r e  s t i l l  dominant and can be app l i ed  t o  t h i s  
s ca t t e rome te r .  
The r f  power sou rce  used f o r  t h e  1 . G  GHz sca t t e rome te r  has a 
s t a b i l i t y  comparable t o  t h e  13.3 GHz k l y s t r o n  thus  t h e  same e r r o r s  apply as 
found i n  Table A ,  Item 1. 
Error  E n t r i e s  f o r  Tables  - The e r r o r  e n t r i e s  f o r  t h e  l 3 , 3  and 
------ 
1.6 GIlz m u l t i p o l a r i z a t i o n  sca t t e rome te r  a r e  much t h e  same a s  f o r  t he  13.3 GIIz 
s i n g l e  p o l a r i z a t i o n  sca t t e rome te r .  E r ro r  e n t r i e s  a r e  made where they  are t h e  
0.5 db 0 , s  See. Below 
0,29 db rms 0.29 
0,25 db 1 0.25 I See Below 




0.51 db 0 ,51  db 2.43 db 
same, o r  n e a r l y  t h e  same, a s  f o r  t h e  13.3 GI12 sca t tc rometer  wi theut  explana t ion ,  
p a r t i c u l r i r l y  f o r  smal l  e r r o r s ,  The e f f e c t s  a f  t he se  e r r o r s  in  t h e  o v e r a l l  r s s  
a d d i t i o n  a r e  j -n s ign i f i can t  . 
( 4 )  0 ,4  GIIz M u l t i p o l a r i z a t i o n  Sca t te rometes  
The e r r o r  a n a l y s i s  f o r  t h e  0.4 GHz m u l t i p o l a r i z a t i o n  sca t t e rome te r  
i s  n o t  too  d i f f e r e n t  from t h e  13.3 and 1 , 6  GHz s ca t t e rome te r s  as  f a r  a s  t h e  
r e c e i v e r  i s  concerned. The ~ n a i n  d i f f e r e n c e  is found i n  t h e  e r r o r s  a s s o c i a t e d  
wi th  t h e  antennas,  wi th  t h e  0.4 GIIz having t h e  l a r g e s t  u n c e r t a i n t y  i n  c a l i b r a t i o n .  
D i f f e r e n t  techniques a r e  found i n  t h e  c a l i b r a t i n n  of t h e  t r a n s -  
m i t t e d  and r ece ived  powers f o r  t h e  VV, fIH3 and HV modes of opera t ion .  It: is 
important  t o  n o t e  t h a t  f o r  any s c a t t e r o m e t e r ,  t h e  e r r o r  i n  measuring t h e  a b s o l u t e  
s i g n a l  power l e v e l  is  dependent on n e a r l y  t h e  same procedures and t h e  u s e  of 
c e r t i f i e d  secondary s tandards .  
It was necessary  t o  make e s t i m a t e s  on measurement e r r o r s  f o r  
t r a n s m i t t e d  and rece ived  power, wavelength, waveguide l o s s e s ,  v e l o c i t y  a l t i t u d e ,  
and a t t i t u d e  c o n s i s t e n t  wi th  t h e  des ign  s p e c i f i c a t i o n s  and r e p o r t s  a v a i l a b l e  of 
ehe  0.4 GHz sca t t e rome te r  s i n c e  publ ished c a l i b r a t i o n  measurement were n o t  
a v a i l a b l e .  
( a )  Transmit ted Power 
( 
Fol.3-owing t h e  t a b u l a t i o n s  f o r  t h e  13.3 GHz s c a t t e r o n ~ e t e k ,  
Table V--12 i s  a good s t a r t i n g  p l ace  f o r  performing t h e  0.4 GHz s ca t t e rome te r  
e r r o r  a n a l y s i s .  The unce r t a in ty  i n  measuring t h e  t ransmi t ted  power remains 
much t h e  same s i n c e  t h e  e r r o r s  a s s o c i a t e d  wi th  t h e  appl ied  measurement u n i t s ,  t h e  
r f  power n e t e r s  and p r e c i s i o n  a t t e n u a t o r s ,  a r e  much t h e  same. Na tu ra l ly ,  t h e  
same f i n e s s e  and c a r e  i n  c a l i b r a t i o n s  a r e  assumed. Since no measured e r r o r  d a t a  
on t h e  0.4 GHz t r ansmi t t ed  power was r e l e a s e d  by t h e  manufacturer,  t h e  e n t r i e s  
are, as s t a t e d  be fo re ,  b e s t  e s t ima te s ,  
The a t t e n u a t i o n  measurenlent e r r o r  involved i n  r e l a t i n g  -the 
t r a n s m i t t e d  power t o  t h e  a b s o l u t e  c a l i b r a t i o n  level. involves  two s e p a r a t e  
s i g n a l  paths .  I f  t h e  e r r o r s  a r e  taken i n  measuring the  iiaveguide i n s e r t i o n  
l o s s e s  and t h e  d i r e c t i o n a l  coup le r  a t t e n u a t i o n  an an i n d i v i d u a l  component 
b a s i s ,  t h e  r n l s  e r r o r s  would be h igher  than  when t h e  components a c t  a s  an 
i n t e g r a l  p a r t  of t h e  t o t a l  l ine ;  conscquentl.y, t h e  e r r o r s  a r e  es t imated  f o r  
t h e  l i n e s  based upon laboratory e r r o r s  f o r  such measurements. 
The e r r o r s  i n  comparison of t h e  c a l i b r a t i o n  and t r a n s m i t t e r  
l e v e l s  i n  t h e  f i n a l  ou tput  from t h e  r e c e i v e r  a s  p a r t  of t h e  ground based 
computer a n a l y s i s ,  Table V-15, Item 6 ,  and i s  expected t o  be n e g l i g i b l e .  
The power meter and a t t e n u a t i o n  e r r o r  va lues  a r e  l i s t e d  i n  
Iten1 1 of t h e  t a b u l a t i o n ,  Table V-15. 
(b) Received Power 
There a r e  two s i g n a l  p a t h s  f o r  t h e  received s i g n a l :  ( a )  t h e  
s i g n a l  pa th  frotn t h e  antenna t o  t h e  a m p l i f i e r  i n p u t s ,  both v e r t i c a l  and 
h o r i z o n t a l ,  and (b) t h e  c a l i b r a t i o n  s i g n a l  pa th  from t h e  abso lu t e  c a l i b r a t i o n  
l e v e l  sou rce  (Emerson Report,  1969, r e f e renced  a s  Cm and CR2)* I n  t h e  
antenna pa th ,  t h e  e r r o r  i n  measuring t h e  a t t e n u a t i o n s  of the r f  f i l t e r ,  antenna 
swi tch ,  and d i r e c t i o n a l  coupler  must be  eva lua ted ,  Here aga in  only  one e r r o r  
number i s  necessary  f o r  t h e  e n t i r e  t r ansmis s ion  l i n e .  The same approach i s  
used i n  determining t h e  measurement e r r o r  i n  t h e  abso lu t e  c a l i b r a t i o n  of t h e  
t ransmiss ion  l i n e  which inc ludes  t h e  r f  swi t ch ,  r f  a t t e n u a t o r ,  and d i r e c t i o n a l  
coupler .  The t a b u l a t i o n  02 t h e s e  e s t ima ted  e r r o r s  i s  given a s  i tem 2  of Table 
V-15. 
The e r r o r s  due t h e  du ty  c y c l e  f a c t o r  a r e  i nd ica t ed  t o  b e  
n e g l i g i b l e .  
To d a t e  no measured c a l i b r a t i o n  e r r o r  d a t a  on t h e  r e c e i v e r s  
have been r e l eased ;  measurements a r e  r e q u i r e d ,  
( c )  Antennas 
Antenna e r r o r  va lues  a r e  talcen from t h e  Teledyne Ryan Report 
291.69-15 (DeLong, 1970).  This  r e p o r t  gi,ves an  e r r o r  a n a l y s i s  of t he  O , 4  GHz 
antennas.  The e r r o r  a n a l y s i s  was made from power p a t t e r n  p l o t s  prepared by 
NASA/$LSC E l e c t r o ~ ~ i c s  Systems Div i s ion ,  October 196ga  
A f u l l  s c a l e  mock-up of t h e  0.4 GHz antennas was cons t ruc t ed  
and p a t t e r n  measurements were made on t h e  NASA/MSC Houston antenna p a t t e r n  
range,  The p a r t i c u l a r s  a r c  given i n  ~ e l o n g ' s  e r r o r  ana lys i s .  The peak ( 3 ~ )  
two-way e r r o r s  con~puted a r e  repea ted  he re :  
(1) E r ro r  i n  a n g l e  Q o r  $(Emerson specs , )  2.0 degrees  
(2) Peak ga in  e r r o r  due t o  angular  e r r o r  2,O db 
(3) T o t a l  peak ga in  e r r o r  2.78 db 
(4) E r ro r  i n  b e a m ~ ~ i i l t h  ( P =: 4,1S0) 0,07 degree  
(5) Peak measurement e r r o r  i n  ga in  2.78 db 
A s e p a r a t i o n  of  t h e  peak measurement e r r o r  is  requi red  i f .  
one is  t o  show t h e  e r r o r  n o t  removable by any form of processing;  t h e r e f o r e ,  
t h e  e r r o r  e n t r i e s  are n e c e s s a r i l y  t r e a t e d  d i f f e r e n t l y  f o r  t h i s  e r r o r  a n a l y s i s  
t han  t h a t  by DeLong ' s. 
The f i r s t  e n t r y  i n  Table V-15, I tem 3b, i s  t h e  e r r o r  due 
t o  t h e  uncertainty in t ima ted  by t h e  e x i s t a n c e  of a 1 db maximum amplitude 
v a r i a t i o n  a c r o s s  t h e  antenna due t o  t h e  i l l u m i n a t i n g  source  used f o r  making 
t h e  p a t t e r n  measurements. An r m s  e r r o r  of 0.36 db (10- random is  taken f o r  
t h e  one-way e r r o r ,  and 0.51 db r m s  two-way), 
I 
The second e n t r y  i s  t h e  e r r o r  i n  reading  t h e  p a t t e r n  r eco rde r ,  
i t  i s  n o t  a d i g i t a l  system. The e r r o r  f o r  two-way i s  \6 x 0.15 db o r  0 .21 
The v a r i a t i o n s  i n  t h e  antenna ga in  a s  a  func t ion  of t h e  ang le  
of inc idence ,  o r  t h e  antenna ga in  r i p p l e  v a r i e s  from 0.1 dbldegree t o  4 db/degree 
around t h e  n a d i r .  For a  n~aximum u n c e r t a i n t y  i n  ang le  0 o r  + of 2 degrees  a s  
g iven  by t h e  manufac turer ' s  s p e c i f i c a t i o n s ,  and an r m s  va lue  of 1.16 degrees  
r m s  based upon a  uniform d i s t r i b u t i o n ,  t h e  maximum u n c e r t a i n t y  of antenna 
ga in  would be  4 db/degrees x 1.16 degree = 4.64 db rms. The e r r o r  f o r  each 
angu la r  range 8 8  a t  some Q would b e  necessary  t o  p re sen t  t h e  e r r o r  a n a l y s i s  
i.n t h e  b e s t  and p roba l~ ly  most d i s c r e t e  manner. For t h i s  a n a l y s i s  one-half 
of t h e  maximuin 4,64 db rms, o r  2.3 db rms i s  presented  i n  the  i ab l e .  This  
e s t i m a t e  merely i n d i c a t e s  t h e  l a r g e  e r r o r  which i s  introduced by at1 u n c e r t a i n t y  
in t h e  angular  p o s i t i o n  of t h e  antennas.  It i s  n o t  an e r r o r  by removable pro- 
ce s s ing ,  
The s i d e  lobes  of t h e  an tenna  i n  t h e  t r ansve r se  p lane  i n  t h e  
range  -30°5%53 ,5  cause apprec i ab le  u n c e r t a i n t y ,  The i n t e g r a t i o n  of t h e  power 
i n  t h e  main t r a n s v e r s e  beam a s  compared t o  t h e  main beam and t h e  f i r s t  s i d e  
lobes  shows an  u n c e r t a i n t y  of 0.54 db r m s  i n  t h e  two-way gain. 
It i s  c l e a r l y  ev iden t  t h a t  much of t h e  e r r o r  can b e  reduced by 
more p r e c i s e  angular  measurements, t h e  maximum unce r t a in ty  of 2 degrees  appears  
excess ive .  Due t o  t h e  h igh  ga in  r i p p l e  f o r  c h i s  antenna an  unce r t a in ty  i n  t h e  
a n g l e  of inc idence  is  r e f l e c t e d  i n  a  l a r g e  antenna coupled e r r o r .  This  is  t h e  
c a s e  f o r  v e l o c i t y  v a r i a t i o n s  which r e s u l t  i n  a n  angular  u n c e r t a i n t y A 9 .  
(d) Wavelength C a l i b r a t i o n  . 
The e r r o r  f o r  wavelength c a l i b r a t i o n  is n e g l i g i b l e .  Negl ig ib le  
e r r o r s  a r e  found as w e l l  f o r  i tems 6 ,  7 ,  and 9 f o r  t h e  t abu la t ion ,  n o t  s o  f o r  
i t e m  8, v e l o c i t y ,  
(e) Amplif ier  S t a b i l i t y  
The measurement of t h e  r a t i o  P /P depends upon a  f a c t o r  
r t  
determined by t h e  f i n a l  ou tpu t s  of t h e  0 .4  GHz s ca t t e rome te r  c a l i b r a t i o n  r e c e i v e r  
and t h e  r e g u l a r  r e t u r n  s i g n a l  r e c e i v e r s  f o r  any one of e i g h t  p o s s i b l e  r e t u r n s .  
I n  t h e  c a l i b r a t i o n  r e c e i v e r  l i n e  t h e r e  i s  t h e  e r r o r  a s s o c i a t e d  
w i t h  t h e  ga in  s t a b i l i t y  of t h e  mixers and t h e  c a l i b r a t i o n  r ece ive r s .  Short-t ime 
a m p l i f i e r  ga in  s t a b i l i t i e s  of - +5% maximum a r e  common f o r  a m p l i f i e r s  with good 
temperature compensation and w e l l  s t a b i l i z e d  power sources.  The same s t a b i l i t i e s  
a r e  found f o r  t h e  m i s e r  ga ins ,  
I n  t h e  r e tu rn - s igna l  a m p l i f i e r  l i n e  the re  is t h e  rf a m p l i f i e r ,  
f i r s t  mixer,  I F  a m p l i f i e r ,  and low-gain f i x e d  and var iab le-ga te  a m p l i f i e r s .  Short- 
t i m e  a m p l i f i e r  s t a b i l i t i e s  a r e  aga in  taken  a t  25% maximum, 
The e r r o r s  f o r  the  a m p l i f i e r s  and mixer s t a b i l i t i e s  a r e  
p red ic t ed  and given i n  Table V-15, I tem 5. 
(2) Ve loc i ty  
The procedures  f o r  determining t h e  e r r o r  r e s u l t i n g  from an  
u n c e r t a i n t y  i n  v e l o c i t y  were given f o r  t h e  13.3 GIIz sca t te rorne ter .  This  is a 
dependent e r r o r .  The v e l o c i t y  e r r o r  y i e l d s  a corresponding angular  e r r o r  i n  0 ,  
which i s  f i n a l l y  r e f l e c t e d  i n  an an tenna  g a i n  e r r o r .  These e r r o r s  a r e  l i s t e d  i n  
Table  V-15, i tems 8d and 8 e  f o r  h o r i z o n t a l  and v e r t i c a l  v e l o c i t y .  The e r r o r  . 
coupled by h o r i z o n t a l  v e l o c i t y  v a r i a t i o n s  a r e  q u i t e  l a r g e ,  The v e l o c i t y  e r r o r s  
a r e  removable by process ing .  
( 4 )  _ E r r o r  Analysis  of Sca t te rometer  Data Preprocessor  
The amount of u n c e r t a i n t y  ( e r r o r )  in t roduced  by t h e  d a t a  prepro- 
c e s s o r  i n  e s t a b l i s h i n g  t h e  va lue  of t h e  normalized r ada r  backsca t t e r ing  a r e a  a s  a  
f u n c t i o n  of t h e  ang le  of inc idence  ~ ( 8 )  can b e  b e s t  t r e a t e d  by cons ider ing  
s e p a r a t e l y  t h e  e r r o r s  of t h e  complete d i r ec t ion - ( s ign )  s ense  system, f i l t e r  
network (with t h e  normal iza t ion  u n i t ) ,  and the  pulse-code modulation system 
PCM. A 1 1  of t h e s e  systems make up t h e  main p a r t  of t h e  d a t a  preprocessor ,  
F igu re  V-18. 
(a )  Analog Processor  
The exp lana t ion  of e r r o r s  f o r  t h e  d a t a  preprocessor  s t a r t s  w i th  
t h e  g a i n  s t a b i l i t y  cons ide ra t ions  of t h e  two front-end a m p l i f i e r s  of  t h e  d a t a  
preprocessor  which r e c e i v e  t h e  s e p a r a t e  cos ine  and s i n e  spectrums. This  g a i n  
s t a b i l i t y  e r r o r  is  t a b u l a t e d  i n  Table V-18 along wi th  t h e  o t h e r  e r r o r s  of t h e  
d i r e c t i o n  s i g n  sense  u n i t  found i n  t h e  spectrum frequency t r a n s l a t o r ,  summing 
o p e r a t i o n a l  a m p l i f i e r ,  zero-beat mixers ,  lowpass a m p l i f i e r s ,  l i n e a r  d e t e c t o r s ,  
i n t e g r a t o r s ,  and normal izcr .  It was shorm by the  b a s i c  doppler  equat ion t h a t  
%(B) i s  r e l a t e d  t o  power, t h e r e f o r e ,  t o  be  c o n s i s t e n t ,  e r r o r  e n t r i e s  a r e  a l s o  
rel .a ted t o  power. The e r r o r s  found i n  t h e  pulse-code modulator system (PCM) 
are included i n  t h e  t a b u l a t i o n  such t h a t  a  t o t a l  1x1s e r r o r  va lue  is  e s t a b l i s h e d  
f o r  t h e  d a t a  preprocessor .  

The e r r o r s  a s soc i a t ed  w i t 1 1  t h e  d i r e c t i o n  s i g n  sensc u n i t  
a r e  corlsidered . f i r s t ,  
C 11 Fron t-end Aolplif i e r  S t a b i l i t y  
An e r r o r  i s  caused by t h e  inab: i l i ty  of t he  d i f f e r e n t i a l  
au tomat ic  ga in  c o n t r o l  (RGC) t o  completely equa l i ze  t h e  power i n  t h e  cos ine  
and s i n e  channels.  This  e q u a l i z a t i o n  i s  r equ i r ed  f o r  proper  s e p a r a t i o n  of  t h e  
f o r e  and a f t  doppler power spectrums and maintaining an a c c u r a t e  a b s o l u t e  
caZ ib ra t ion  r e fe rence ,  
The c a l i b r a t i o n  e r r o r  i s  introduced because t h e  t o t a l  
powers i n  t h e  s e p a r a t e  cos ine  and s i n e  channeLs a r e  t heo re  t i c a l l y  ide lz t ica l  , 
and r e q u i r e s  t h a t  on ly  one channel  con ta in  t h e  c a l i b r a t i o n  r e fe rence  s i g n a l .  
Power d i f f e r e n c e s  between t h e  two channels  causes an  e r r o r  s i n c e  t h e  channel  
w i thou t  a  c a l i b r a t i o n  s i g n a l  cannot be  monitored. The power d i f f e r e n t i a l  between 
channels  i s  t o  be  he ld  w i t h i n  2% rms which r e s u l t s  i n  a 1% r m s  e r r o r  i n  t h e  
ou tpu t ,  s i n c e  t h e  ou tpu t  is t h e  sum of t h e  r e f e rence ,  o r  e r r o r l e s s ,  channel and 
t h e  n o n c a l i b r a t e  channel.  
[ 2 ]  Spectrum Frequency T r a n s l a t o r  
?'he doppler  spectrums fo lded  about zero frequency r e q u i r e  
frequency t r a n s l a t i o n  t o  a  h ighe r ,  o r  i t e r rnedia te ,  frequency t o  a l low s e p a r a t i o n  
of t h e  doppler  i n t o  t h e  d i s c r e t e  uo angular  va lues .  
The monol i th ic  balanced modulator s e l e c t e d  f o r  t h i s  
f u n c t i o n  was analyzed f o r  d i f f e r e n t i a l  ga in  and harmonic d i s t o r t i o n  e r r o r ,  The 
d i f f e r e n t i a l  ga in  v a r i a t i o n  of t h e  balanced modulator can n o t  cause an e r r o r  
s i n c e  i t  was designed t o  b e  i n  t h e  d i f f e r e n t i a l  AGC loop. The harmonic 
d i s t o r t i o n s  of t h e  modulator a r e  l e s s  t han  30 db below t h e  fundamental; t he re fo re ,  
any gene ra t ion  of doppler  harmonics f a l l i n g  w i t h i n  t h e  doppler  inforrriation 
spectrum a r e  c e r t a i n l y  n e g l i g i b l e .  
f31 Sum o r  D i f f e rence  Operatlional Amplif ier  
D i f f e r e n t i a l  ga in  e r r o r s  i n  t h e  summing (d i f f e renc ing )  
opera t i -ona l  a m p l i f i e r  w i l l  cause t h e  same lcind of e r r o r  a s  t he  AGC imbalance on 
t h e  d a t a  preprocessor  input: a m p l i f i e r s .  This  ga in  e r r o r  w i l l  occur tvrice, 
once i n  each arm of t h e  ampl i f i e r .  Each g a i n  can be  he ld  t o  w i th in  1% r m s  s o  
t h a t  a  t o t a l  e r r o r  of 1 .4% nns occurs  between :he two arms, o r  a  0.7% e r r o r  on 
t h e  output  provided t h a t  t h e r e  e x i s t s  i d e n t i c a l  s idebands i n  t h e  spectrums a t  
t h e  i n p u t  t o  t h e  o p e r a t i o n a l  a m p l i f i e r .  
[4 ]  Zero-Beat Mixers 
The r econs t ruc t ed  doppler  spectrum, about t h e  in t e rmed ia t e  
frequency,  i s  111ixed wi th  t h e  a p p r o p r i a t e  s i n e  wave s i g n a l  equal  to t h e  doppler  
c e n t e r  f requency bandwidth which i s  r e l a t e d  t o  t h e  d i s c r e t e  va lues  of t h e  
s e l e c t e d  inc idence  angles ,  The d i f f e r e n t i a l  ga in  of t h e  monol i th ic  balanced 
delnodulator (mixer) between any s i g n a l  channel  and r h e  c a l i b r a t e  channel  w i l l  
cause  an  e r r o r  i n  \(oi).  This  e r r o r  occu r s  twice;  i n  t h e  s i g n a l  channel ,  and 
i n  t h e  r e f e r e n c e  channel.  Therefore ,  t h e  r e s u l t i n g  e r r o r  is  1 , 4  t imes t h e  
ga in  error of one of t he  demodulators (mixer) ,  The rms e r r o r  i s  i n d i c a t e d  a t  
4% by t h e  manufac turer ' s  c h a r a c t e r i s t i c  in format ion  per  mixer, o r  a t o t a l  of 
5.6%. 
[5] Lowpass F i l t e r s  
The lowpass f i l t e r s  r ece iv ing  t h e  zero-beat s i g n a l s  f o r  
t h e  varioris angular  pos i tons  f o r  wo (€Ii) a r e  i d e n t i c a l  th ree-sec t ion  RC f i l - t e r s  
cons t ruc t ed  w i t h  very  low tempera ture  c o e f f i c i e n t  components. The l a r g e s t  poss ib l e  
e r r o r  source ,  t h e  bandwidth change wi th  temperature,  w i l l  cause an  e r r o r  l e s s  than  
1% rins . 
[6]  F i n a l  Detec tor  and Lowpass F i l t e r  ( I n t e g r a t o r )  
1 The ou tpu t  of t h e  d i s c r e t e  s i g n a l s  a s soc i a t ed  wi th  t h e  
p a t t i c u l a r  angles  of inc idence  a r e  f ed  t o  l i n e a r  d e t e c t o r s .  The ou tpu t s  of t h e  
l i n e a r  d e t e c t o r s  a r e  i n t e g r a t e d  and r e p r e s e n t  processed va lues  p ropor t iona l  t o  
u0(Bi). For an i d e a l  a i r c r a f t  cond i t i on  of no a l t i t u d e  v a r i a t i o n s ,  t h e  
o u t p u t s  aL-e very c l o s e  t o  being coinpletely processed,  o t h e r  than a  cons t an t .  
A l i n e a r  d e t e c t o r  i s  used which c o n t r i b u t e s  n e g l i g i b l e  
e r r o r  s i n c e  i t  is  used i n  conjunct ion  w i t h  an ope ra t iona l  a m p l i f i e r  ( l i n e a r i t y  
b e t t e r  than  O.:L%). There is  no e r r o r  o u t  of t h e  1.owpass f i l t e r  ( i n t e g r a t o r ) .  
(b) Norn~nlizer  
The nomal . i za t ion  process  t o  e s t a b l i s h  t h e  va lues  of lo (ai) 
a t  t h e  des igna ted  ang le s  involves  f i x e d  (o r  nominal) va lues  of t he  parameters  
i n  t h e  doppler  r ada r  equat ion.  Some parameters  such as t h e  antenna g a i n  G ( 8 ) ,  
r o l l ,  p i t c h ,  and yaw are d i f f i c u l t  and expensive t o  normalize i n  t h e  a i r c r a f t  
and can  be  more e a s i l y  normalized on t h e  ground; however, v e l o c i t y  and a l t i t u d e  
va ry  throughout t h e  a i r c r a f t  f l i g h t  and a r e  advantageously non~ ta l i zed  i n  t h e  
a i r c r a f t ,  t hus  r e s u l t i n g  i n  a  d e f i n i t e  e r r o r  reduct ion  f o r  t h e  o v e r a l l  system. 
E r r o r s  f o r  t h e  normal izer  t h a t  require t a b u l a t i o n  a r e  due t o  
t h e  AGC loop,  t h e  h2v informat ion  (h i s  a l t i u d e ,  and v is h o r i z o n t a l  v e l o c i t y ) ,  
and t h e  a n g l e  change due t o  d i g i t a l  round o f f  of t h e  information of h  and v from 
ADAS. 
[ I ]  AGC Loop S t a b i l i t y  
The n o r n ~ a l i z a t i o n  AGC loop,  which is i n  t h e  c a l i b r a t i o n  
channel  ( taken  from t h e  inpu t  a m p l i f i e r  through the  i n t e g r a t o r s  and normalizer) ,  
a d j u s t s  t h e  ga in  s o  t h a t  t h e  r m s  c a l i b r a t e  s i g n a l  vo l t age  is  equal  t o  ~ h 6  (or  
t h e  c a l t b r a t e  power i s  Kh2v). Thus, t h i s  normalizes  t h e  ci- d a t a  f o r  a l c i t u d e  
0 
and h o r i z o n t a l  v e l o c i t y  v a r i a t i o n s .  Th i s  power i s  t o  be he ld  w i t h i n  1% r m s .  
[ 2 ]  Alt i tude-Veloc i ty  Reference 
The a l t i t u d e  and v e l o c i t y  inforrtiation is  snul t ip l ied  by 
a  d i g i t a l  method, The round-offs of t h e  rece ived  a l t i t u d e  and v e l o c i t y  i n fo r -  
mation a r e  t h e  only e r r o r s  r e s u l t i n g  s i n c e  t h e  a n a l y s i s  of t h e  d i g i t a l  process 
i n d i c a t e s  no e r r o r .  
The round-off e r r o r  i n  h  and v a r e  given a s  fol lows f o r  
worst-case condi t ions :  
h  = 4-5 f e e t  a t  a  1000-f t ,  a l t i t u d e  
- 
v = +0.5 knot  a t  a  f l i g h t  v e l o c i t y  of 200 knots .  
- 
The e r r o r  i n  a l t i t u d e  h - i s  thus  0,5% peak, and v e l o c i t y  
v is  0.25% peak. A r ec t angu la r  d i s t r i b u t i o n  of e r r o r  is i n d i c a t e d  t h e r e f o r e  t h e  
corresponcling e r r o r s  f o r  a l t i t u d e  and v e l o c i t y  a r e  0.29% EIIS and 0.15% r m s  
r e spec t ive ly .  Thus h2v is  given 
o r  0,027 db ms. 
[3 ]  Angle of Inc idence  E r r o r  Due t o  Veloc i ty  Round Off- 
The v e l o c i t y  taken  from ADAS i s  rounded o f f  t o  +0,5 
- 
knot ,  For a maximum a i r c r a f t  v e l o c i t y  taken a t  200 knots ,  t h i s  g ives  a n  rms 
e r r o r  of 0.15% i n  v e l o c i t y .  This  caused an  e r r o r  i n  angle  of inc idence  of  
= t a n  x 57.3 v 
o r  0.15 degree.  This  angular  e r r o r  i s  incll.ided s e p a r a t e l y  i n  Table V-16 and 
r e l a t e d  t o  a n  e r r o r  i n  roe It i s  brought  ou t  a t  t h i s  po in t  s i n c e  i t  is assoc- 
i a t e d  wi th  t h e  norlnalizer.  
( c )  PCM Subsystem 
The e r r o r  a s s o c i a t e d  wi th  t h e  PCM Subsystem, Table V-18, 
tu rned  ou t  t o  be  a s  i n s i g n i f i c a n t  a s  t h e  o t h e r  e r r o r s  f o r  t h e  d a t a  preprocessor ,  
except  f o r  t h e  normal iza t ion ,  The l a r g e s t  s i n g l e  e r r o r  i s  a t t r i b u t e d  t o  
sampling. The e r r o r s  f o r  Lhe va r ious  PCN subsystem opera t ions  a r e  a s  fo l lo~ . r s :  
e Plult-iple:ter - estimated e r r o r  -1-0,07% nns, ; 9 , 0 3  db 
-. 
rn i  s 
a Encoder - es t imated  e r r o r  - +0,027% r m s ,  20.01 db rrns 
s A/D Co~ lve r t e r  ( log  conve r t e r )  - est imated e r r o r  -k0,05% 
- 
r m s ,  - 4-0,002 db rms 
s Sampling - es t imated  e r r o r  - t - 1 , G X  r m s ,  -i-0.069 db rms 
- .- 
e Timing - n e g l i g i b l e  
e ADAS - es t imated  i n t e r f a c e  e r r o r  = 1% r m s ,  f0 ,043  db rms 
- 
The s u b t o t a l  f o r  t h e  PCP1 e r r o r s  was cmputer t o  b e  only  0.088 
db rms. 
(d) Airborne Display 
The d i s p l a y  subsystem w i l l  have t h e  c a p a b i l i t y  of p re sen t ing  
i n  r e a l  t ime t h e  Doppler spectrum and uo(0) curves ,  Since these  d a t a  a r e  t o  
be  norlnalized t h e  ope ra to r  w i l l  be  a b l e  t o  s tudy  the  s i g n a l  magnitudes on an  
in s t an t aneous  b a s i s ,  s i g n a l  l e v e l i n g  so  t h a t  no blocking occurs;  and t h e  
s igna l - to-noise  of t h e  output  s i g n a l .  EIowever, none of t h e s e  f u n c t i o ~ l s  c o n t r i b u t e  
t o  t he  o v e r a l l  e r r o r  f o r  t h e  sca t t e rome te r  system s i n c e  they a r e  t o t a l l y  ' 
independent func t ions .  
The d i s p l a y  system, thou.gh independing, can be used t o  c o n t r o l  
t h e  amount of e r r o r .  One main 2urpose of t h e  real- t ime d i sp l ay  is t o  v i s u a l l y  
p r e s e n t  t h e  r a d a r  r e t u r n s  s o  t h a t  t h e i r  c h a r a c t e r i s t i c s  and r e l a t i o n s h i p s  t o  t h e  
o the r s senso r s  can be observed and t h e  system performance assessed s o  t h a t  
s ca t t e rome te r  system adjustments  can be  opt imized by the  f l i g h t  ope ra t ions  crew. 
The p o s s i b i l i t i e s  of e r r o r  being introduced by coupl ing  o r  
feedback from t h e  d i s p l a y  system, though remote, has no t  been overlooked. A 
f i n a l  o v e r a l l  review of  such e fEec t s  need t o  b e  conducted under pref1.ight 
ope ra t ions  check-out. 
A Labulation, Table V-1-9, i s  included i n  t h i s  r e p o r t ,  It 
r e a l  purpose is t o  ac t  a s  a reminder t h a t  coupl ing,  o r  loading e f f z c t s  be  eva l -  
u l a t e d  i n  a f i n a l  o v e r a l l  system e r r o r  a n a l y s i s  a f t e r  the d a t a  preprocessor  
w i t h  t h e  d i s p l a y  systcnl a r e  ins ta l le r1  i n  t h e  NASA Rerrlote Sensor A i r c r a f t  
( e )  Airborne Recording 
Tf t h e  d a t a  preprocessor  i s  i n s t a l l e d  i n  t h e  a i r c r a f t ,  t h e  
d a t a  w i l l  be processed be fo re  being s t o r e d  on magnetic tape  'with t h e  FIi1600 
r eco rde r ,  However, r e g a r d l e s s  of whether o r  n o t  an a i rbo rne  d a t a  preprocessor  
i s  used, t h e  raw d a t a  from t h e  output  of t h e  s i g n  sensors  o r  t h e  a m p l i f i e r s  of 
t h e  0.4 Gllz s ca t t e rome te r  i s  recorded d i r e c t l y  onto magnetic tape.  
Where t h e  d a t a  a r e  processed,  smoothed, and d i g i t i z e d ,  t h e  
non l inea r  e f f e c t s  of t h e  magnetic t a p e  r eco rde r  add a smal l  amount of e r r o r  
which i s  made apparent  a f t e r  reviewing t h e  s p e c i f i c a t i o n s  of t h e  FRl600 
magnetic t a p e  r eco rde r ,  The non l inea r  e f f e c t s  a r e  expected t o  produce a g r e a t e r  
e r r o r  tihere t h e  e n t i r e  Doppler spectrum i s  recorded,  Here t h e  f r equenc ie s  i n  
t h e  spectrum are doubled, quadrupled, e t c ,  and added back i n t o  t h e  Doppler 
spectrum. I n  o t h e r  words, t h e  l a r g e  s i g n a l s  a t  t h e  n a d i r  can  be m u l t i p l i e d  up 
t o  t h e  weaker s ign.al  reg ions  around ang le s  of inc idence  around 30 t o  60 
degrees.  These e r r o r s  need t o  be  determined f o r  t y p i c a l  Doppler s p e c t r a  ' 
p e r f e r a b l y  by experimental  methods s i n c e  a s imu la t ion  of t h e  real. system might  
n o t  i nc lude  a11 i n p u t s ,  
For completeness,  a review of most of t h e  recorder  cha rac t e r -  
i s t i c s  i n  t h i s  contex t  i s  made a s  i s  t o  p rov ide  a b a s i s  f o r  f u t u r e  updat ing  
of t h i s  a spec t  of t h e  e r r o r  a n a l y s i s .  
For f i n a l  s t o r a g e  i n  t h e  a i r c r a f t  of t h e  gathered r a d a r  r e t u r n  
d a t a ,  e i t h e r  processzd o r  unprocessed, f o r  t h e  scat terorneter  systems, i s  t h e  
Ampex FR1600, 14-channel, wideband in s t rumen ta t ion  recorder .  The d a t a  a r e  t o  be 
recorded from two p laces :  
( I )  D i r e c t l y  from t h e  two sign-sense channels a s  rea l - t ime 
unnormalized s i g n a l s  which cover t h e  Doppler spectrum, 
( 2 )  Fro111 t h e  output  of t h e  d a t a  prtlprocessor i n  
normalized f o m ,  time-clivisi on mul t ip lexed ,  PCM form, 
RECORDER CKtllUCTERISTICS 
Tape Speed Accuracy - +-0.2% max 
Time Bias Error  (ReJ.ative) - +3,0 psec  
Dynamic Skew 0 , 3  p s e c  (AT -- 0-peak) , r e l a t i v e  
t ime displacetnent of an event  
recorded on two a d j a c e n t  t r a c k s  
F l u t t e r  (0.2 Hz t o  10 KHz, 
60 cps)  0.2% 
S/N (300 Hz - 300 KHz, 60 cps)  36 db 
S /N (400 HZ - 750 KHz, 60 C ~ S )  29 d ' ~  
DC l i n e a r i t y  - +0,5% of t o t a l  dev ia t ion  
Harmonic D i s t o r t  i o n  <2% t o t a l  
Other p o s s i b l e  e r r o r  a r e a s  need t o  be reviewed, It was 
p rev ious ly  determined how much t a p e  head misalignment could be  t o l e r a t e d  wi thou t  
caus ing  excess ive  phase s h i f t  between t h e  s ign-sense channels.  For t h e  worst  
c a s e  of LO kHz and a  ma.ximu1l1 a l lowable  phase s h i f t  of 5 degrees between channels ,  
t h e  t ime displacement of an  event  recorded s imul taneous ly  and i d e a l l y  on any 
two ad jacen t  channels  would be  1 , 4  psec .  Item (3) shox~s 0.3 s e c  f o r  a t ape  
speed of 60 i p s ,  and 0.6 p s e c  f o r  30 i p s  which i s  l e s s  than 1.8 psec ,  R e l a t i v e  
phase s h i f t  measurements have been shoxm t o  be  w i t h i n  accep tab le  Emits. 
Er ro r s  due t o  ope ra t ing  t h e  magnetic t ape  r eco rde r s  wi thout  
s u f f i c i e n t  i npu t  s i g n a l  have occurred. This  is  expeci-al ly  t r u e  when t h e  inpu t  
s i g n a l s  have magnitudes c l o s e  t o  t h e  r eco rde r  n o i s e  l e v e l  which can happen f o r  
h i g h  a l t i t u d e  nnli-ssions and d a t a  taken a t  60 degrees.  The nominal i npu t  v o l t a g e  
l e v e l  t o  t h e  Ampex FRlGOO ranges from 0.25 -- LO v o l t s  p<?ak-to-peak. E r ro r s  
i n  d a t a  have been es t imated  a t  0.3 db ms f o r  s igna l - to-noise  r a t i o s  of 6 db, 
When t h e  signal.  level- f l u c t u a t e s  t o  t h e  po in t  that h i g h  
l e v e l s  a r e  s a t u r a t e d ,  e r r o r  is  introclucerl. Such e r r o r s  have been est imated a t  
0.3 db r m s .  
Both i n s u f f i c i e n t  ancl exces s ive  s i g n a l  l eve l s  t o  t h e  rccorcler 
a r e  i n t e r f a c e  and ope ra to r  c o n t r o l  problems. I I i s t o r i c a l  o r  r ecen t  experimental  
in format ion  i s  d e f i n i t e l y  l ack ing  i n  t h i s  a r e a ;  hcwever, some e s t ima te s  a r e  
en t e red  i n t o  Table V-19 and upgrading and a d d i t i o n s  a r e  requi red  a s  NASA g e t s  
more e r r o r  information.  
Harmonic e r r o r s  clue t o  t r a n s l a t i o n  a r e  es t imated  f o r  a t  0.1 
t o  0.5 db r m s ,  For example a s i g n a l  a t  30' which is  10  db above a  60" s i g n a l  
t r a n s f e r s  nominally 0.67% of i ts  power t o  t h e  60' s i g n a l .  This  r e p r e s e n t s  
an e r r o r  of 6.7 percent  average t o  t h e  60' s i g n a l ,  o r  0.28 db r m s .  
5. RSS Er ro r  Sununary f o r  Sca t te rometer  Systems 
-.--- 
A conlparison of t h e  t o t a l  rss e r r o r s  f o r  t h e  13,3 GHz S ing le  
p o l a r i z a t i o n ,  and 13.3 GHz, 1,6 GHz and 0.4 GHz mul t ipo lar izaCion  s c a t t e r -  t 
ometers i s  given i n  Table V - 1 1  below, A11 e n t r i e s  a r e  a f t e r  processing e i t h e r  
i n  f l i g h t  o r  on t h e  ground. 
The ~ n a j o r  e r r o r  c o n t r i b u t o r  i n  each case  has been t h e  measurement 
of t h e  antenna power ga in  p a t t e r n .  
The e r r o r  a s s o c i a t e d  wi th  d a t a  preprocess  i s  i n s i g n i f i c a n t .  By 
process ing  the d a t a  i n f l i g h t  t he  e r r o r s  r e s u l t i n g  from harmonic s p e c t r a l  a d d i t i o n s  
i s  e l imina ted  due t o  t h e  t a p e  r eco rde r .  
The ground-based computer systems e r r o r s  a r e  of i n t e r e s t  b u t  a r e  
independent of e i t h e r  t h e  a i r c r a f t  s c a t t e r o m e t e r  system wi th ,  o r  wi thout  t h e  
d a t a  preprocessor ,  and add i n  an  rss manner f o r  a  t o t a l  O- e r r o r  eva lua t ion ,  
0 
TABLE V-11  
RSS ERROR SUMWRY 
* Errors  of a i r c r a f t  system included i n  Table V-12, 13, 14, 15. 
** Not included, e r r o r s  a r e  independent and do no t  couple d i r e c t l y  t o  t h e  system 
A h g u f a r  e r r o r  included i n  Table A above 
Antenna measurements i n  process 
2. 13.3 GIlz W ,  0.73 db Same * 0.26 db 0.78 db 
(6) Signif icance  of RSS Errors  
HH 
(Model 701) 
3. 1.6 GHz, W ,  
HH 
(Model 701) 
4. 0.4 GHz, W, 
HH 
A t  f i r s t  glance t h e  rss values f o r  t h e  13.3 and 1.6 GEE2 s c a t t e r -  
ometer systems appear somewhat complicated, whereas t h e  value  f o r  t h e  0.4 GHz 
scat terometer  system appears too l a rge .  Therefore, an explanation of these  
rss values and t h e i r  s ign i f i cance  is  i n  order.  
Consider f i r s t  t h e  13.3 GHz s i n g l e  po la r i za t ion  system and t h e  
meaning of t h e  t o t a l  rss e r r o r  des ignat ion of 0.77 db. This is an except ional ly  
s m a l l  e r r o r  i n  comparison t o  those  recorded i n  t h e  l i t e r a t u r e  which run from 1.3 
t o  3.0 db rss. When t h e  e r r o r  of 0.77 db rss i s  considered i n  re la t ionsh ip  t o  
a %(€I) p l o t ,  t h e  s ign i f i cance  of t h e  e r r o r  becomes q u i t e  c l e a r .  Consider 
Figure V-19a, curve A,  which shows a represen ta t ive  average cro(8) p l o t  which 
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SAPIPLING ERROR EFFECTS ON \ PLOTS 
t o  95 percent  accttmulative p r o b a b i l i t y  p o i n t s  shoti a v a r i a t i o n  of l e s s  than  
5 percent .  Th i s  v a r i a t i o n  is rougilly equ iva l en t  t o  t h e  l i n e  wtdth of t h e  
p l o t t e d  u- curve,  Insu£f ic i .en t  sampl-es have a l s o  been shown t o  be t h e  catlse of 
0 
co l i s iderable  e r r o r  s i n c e  t h e  t r u e  va.lue l i e s  someplace within a h igher  and 
lower bound a s  Cepicted by Figure  V-1-9b, For t h i s  cons ide ra t ion ,  l e t  us  asuume 
t h a t  a l a r g e  number of independent samples were ava i lab le ,  g r e a t e r  than  1030, 
The l 9 , 4  percent  rss e r r o r  bounds a r e  shown f o r  f i v e  d i f f e r e n t  
f i l t e r  f r equenc ie s  x~hich  a r e  r e l a t e d  t o  5 ang le s  of inc idence  ei, F igure  V-19a. 
These e r r o r  bounds a r e  a s s o c i a t e d  w i t h  any o p l o t  w i th in  t h e  follorqing con- . 
0 
s t r a i n t s  : 
1. That t h e  d a t a  were c o l l e c t e d  during t h e  same f l i g h t  
run o r  b e f o r e  t h e  system rss e r r o r  changes. 
2. The sca t t e rome te r  i s  no t  r ead jus t ed  t o  change t h e  
system rss e r r o r .  
The cond i t i on  i s  s h o ~ m  by t h e  s a m e  e r r o r  bounds on curve B a s  were found f o r  
curve  A where t h e  system rss e r r o r  had n o t  changed. The importance oE t h i s  
cond i t i on  is  t h a t  t h e  r e l a t i o n s h i p  of an  e n t i r e  family of curves is  f i x e d  where 
t h e  e n t i r e  fami ly  t r a n s l a t e s  v e r t i c a l l y  up o r  down depending on t h e  system e r r o r .  
Thus, t h e  r e l a t i v e  s i g n a t u r e  r e l a t i o n s h i p  f o r  t h e  faruily o l  curves i s  n o t  
jeopard ized  by t h e  system e r r o r  provided only  t h a t  t h e  average of each p l o t  i n  
t h e  family i s  a c c u r a t e l y  e s t a b l i s h e d ,  n l a r g e .  Thus, t h e  importance of a good 
average  has  been shown. 
The antenna e r r o r  once e s t a b l i s h e d  remains an  independent 
e r r o r ,  and f o r  a l l  d a t a  process ing  t h e r e a f t e r  can be considered a s  a b i a s  e r r o r .  
The b i a s  e r r o r s  on t h e  antennas a r e  l a r g e .  For example, i f  t h e  13.3 GHz 
sca t t e rome te r  antenna e r r o r  i s  reduced t o  h a l f  i t s  p re sen t  va lue ,  t h e  system 
e r r o r  i s  reduced from 19.4 t o  about  16  pe rcen t ,  o r  0.60 db. This  e r r o r  of 16  
pe rcen t  r e p r e s e n t s  p r e t t y  much of a l i m i t  f o r  a p r a c t i c a l  system, Grea ter  
p r e c i s i o n  can be achieved bu t  t h e  c o s t  would be  an o rde r  of magnitude g r e a t e r .  
The frequcl tcies  of occurrence of t h e  many e r r o r s  a r e  almost 
imposs ib le  t o  determine. Many of t h e  e r r o r s  l i s t e d  i n  t h e  t a b l e s ,  a t  f i r s t  glance,  
appear  t o  b e  b i a s  e r r o r s ,  When on(: cons ide r s  the many varj.abl,es t h a t  can in-  
f l u e n c e  these va lues  anL1 as tepiperature,  v  i h r n t  inn ,  and no i se ,  the  e r r o r s  can 
no longer  be  considere(1 b i a s  e r r o r .  The conclus ion  t o  make i s  t h a t  t h e  e r r o r  
bounds oE - C 1 6  percent  r ep re sen t  arr e x c e l l e n t  p r a c t i c a l  l i m i t  and f u r t h e r  
improvemene by reclucjng o r  removing b i a s  e r r o r s  i s  h ighly  un l ike ly ,  
Assume t h a t  a  number of agencies  making scnt te rometer  surveys 
have  systems a t  t h e  same frequency, p o l a r i z a t i o n ,  and wi th  system e r r o r s  of 16  
pe rcen t  rss. This  means t h a t  d a t a  from each of t h e s e  systems taken from surveys 
over  t h e  same s u r f a c e  and cond i t i ons  can now b e  compared without  equivocat ion 
provided t h e  number of d a t a  samples from each i s  l a r g e ,  
F i n a l l y ,  t h e  ques t ion  i s  r a i s e d  a s  t o  what is  a reasonable  
s c a t t e r o m e t e r  system rss e r r o r ,  o r  r a t h e r  wlla-t maxin111in e r r o r  bounds can be 
t o l e r a t e d  and s t i l l  be  a b l e  t o  o b t a i n  u s e f u l  r a d a r  backsca t te red  informat ion  from 
v a r i o u s  s u r f a c e s ?  
The 0.4 GHz s ca t t e rome te r  shows a  l a r g e  rss e r r o r  2 - 5  db,  
Most of t h e  e r r o r  i s  contained i n  t h e  measurement of t h e  antenna ga in  func t ion  
and can be  i d e n t i f i e d  a s  a  b i a s  e r r o r .  I f  t h i s  i s  c e r t a i n l y  t h e  case ,  then  a 
f ami ly  of ro curves  i s  merely s h i f t e d  a long  t h e  v e r t i c a l  a x i s  e i t h e r  i n  a  
p o s i t i v e  o r  nega t ive  d i r e c t i o n .  R e l a t i v e  measurements a r e  s t i l l  v a l i d  s i n c e  
t h e  f l u c t u a t i o n  e r r o r s  have been shown t o  b e  smal l ,  However, angular  e r r o r s  have 
been shown t o  be l a r g e ,  and when coupled wi th  t h e  ga in  s e n s i t i v i t y  o f . t h e  antennas 
w i t h  angle ,  a  nonremovable e r r o r  e s i s t s ,  I f  t h i s  e r r o r  has  a frequency of 
occurrence  t h a t  i s  unpredic tab le  dur ing  a f l i g h t  mission,  no credence can be  
p laced  i n  a  fami ly  of curves o r  t h e i r  r e l a t i v e  p o s i t i o n s .  
Even i f  t h e  0.4 GHz e r r o r  is  b i a s  e r r o r ,  compa,rison of d a t a  
w i t h  e n t i r e l y  d i f f e r e n t  systems i s  now imposs ib le  on an abso lu t e  b a s i s .  Only 
shape oZ t h e  curves and r e l a t i v e  e f f e c t s  a r e  comparable. 
A f i nn1  summary can now be  made: 
1. A l a r g e  number of independent  samples a r e  r equ i r ed  under 
any circumstances t o  e s t a b l i s h  a good average ,  c e r t a i n l y  g r e a t e r  t han  n = 100. 
13.3 Gtlz SCAT'TTEIIO!.lliTER (~1:lIbl' I) %(v) ERRORS SINGLE POLARIZATION 'VV 
1. RP GENERATOR, (Pt) , 13.3.Gtlz, Klystron 
1.5 Watt 
a .  Precision a t t enua to r  c a l i b r a t i o n  
b. Power meter c a l i b r a t i o n  
c.  RF power change f i lament  vol tage  
d. Filament vol tage  measurement 
e .  High vol tage  s t a b i l i t y  
f .  Thermal 
g. Vibration 
h. Reflected power (*2) 
mlS ERROR (dB) 
IgITHOUT PROCES- 
SING CORRECTIONS ERROR SOURCE 
-- 
2. ANTENNA G A I N  (Two-way), ~ ~ ( 0 )  
a.  Cal ibra t ion of fo r e - a f t  power 
pa t t e rn  ~~2 f (0)  
b. Antenna gain  unce r t a in ty  due 
t o  p i t ch  angular  e r r o r s  
c .  Antenna I s o l a t i o n  
d. Gain e r r o r s  due wrong ve loc i t y  
(1) Hor izonta l  
(2) Ve r t i ca l  
(3) APN-153 
RE.YIRKS 
3. ABSOLUTE CALIBUTION (P,) 
a .  l~leasurement of coupling f a c t o r  C 
b. 1.lodulator Gain Fac to r  
c .  Plodulating c o i l  vo l t age  
d. Se t t i ng  modulator frequency 
e.  Temperature v a r i a t i o n s  (10-60°C) 
lleasured parameter t ransmit ted  
power P . *These e r r o r s  a r e  
removed'by t h e  r e l a t i v e  c a l i -  
b r a t i on  method which measures 
P IPt where Pr is  the  received 
power. 
Included i n  c a l i b r a t i o n  
Pa t t e rn s  measured by Ryan and 
hlicronetics 
This i s  a dependent e r r o r  
Due t o  angle  of inc idence  
coupling with ve loc i t y  
Cal ibra t ion of  received 
power Pr 
Direct ional  coupler  (one) 




Negl ig ib le  
I ,  
0.51 
0.03 




5. AMFLIFIER (ROLL-OFF) (Mi) 
a. Cal ibra t ion 
b. I n t e rpo l a t i on  of va lues  between 
angles  of inc idence  Bi 
c. Voltmeter accuracy 
d. Preampl i f ier  s t a b i l i t y  
e .  Amplifier s t a b i l i t y  
f .  Mixer conversion 
4. IiAVELENGTH CALIBRATION 
6. POWER LOSS (L) 
a.  Waveguides 
b. Reflected power (VSUR)~  
7. VELOCITY ( v )  
a. Doppler navigator  
b. Navigational computer 
c .  Horizontal v e l o c i t y  
d. Ve r t i ca l  ve loc i t y  
e. Angle of inc idence  e r r o r s  due t o  
(1) Horizontal v e l o c i t y  
v a r i a t i o n s  
(2) Ve r t i ca l  v e l o c i t y  
I Eleasurement b e t t e r  than 0.1% 
v a r i a t i o n s  
(3) Doppler navigator  
v a r i a t i o n s  
I O.Ol3 
8. hDt\R ALTITUDE, (h) 
a.  Al t i tude ,  1% max 
b. Indicator  readout  
9. ENVIRONEIENTAI, EFFECTS 
a. In ter ference:  60 112, 400 Hz 
spiking,  e t c .  
b. Tllerntal 
c.  Vibra t ion 
d. Ilumidlty 
c .  Timing 
Error removed by AGC loop 
i n  da t a  preprocessor 
AN/APN-153 Marlufacturers value  
hY/ASN-42 
Errors r e l a t e d  t o  angle 
Ae= 1.7O rms (removable) 
Ae- 0.38' rms (removable) 
Negl ig ib le  
Negl ig ib le  
AO= 0.07' rms (riot removable) 
The e r r o r  ana lys i s  is t o  be 
upgr,ided i n  t he se  .ireas ns t e s t s  
a r e  made o r  information becomes 
ava i l ab l e  
TOTAL 
-- 
1.93 db r s s  
*** l irrors 0.43 db (1%) a r e  considered n rg l i g ib l c .  Ifllen vn l~ re s  oE t h i s  toagnltude o r  l e s s  
a r e  given, they n re  tabula ted:  if not ,  they a r e  l i s t e d  a s  negl ig ib le .  
RlS ERROR (dB) 
WITH CORRECTIONS 
IUM!TARE & SOFTI.IARE 
'0.72 db r s s  
ERROR SOURCE 
1. 11F GENERATOR 
2. ANTLTlNA 
a .  Cal ibra t ion fore-af t  pat- 
t e rn  G~~ f (8)  
b. Antenna gain  v e r s i s  a t t i -  
tude unce r t a in ty  due t o  
p i tch  
c. Antenna I s o l a t i o n  
3. ABSOLUTE CALIBRATION 
a. I n i t i a l  c a l i b r a t i o n  
b. Temperature e f f e c t s  
4. WAVE LENGTH 
5. AXPLIFIER ROLL OFF 
a. Ca l ib r a t i on  
b. Voltmeter Accuracy 
c. Preampl i f ier  S t a b i l i t y  
d. Amplifier S t a b i l i t y  
e .  I n t e rpo l a t i on  of Values 
6. POlJEil LOSSES 
7. VEI.0CITY 
a .  Doppler Navigational Se t  
b. Navigational Computer 
c. F l i gh t  Path Var ia t ion  
d. Horizontal Velocity Vari- 
a t i o n  
e. Ve r t i ca l  Veloci ty  Var ia t ion  
8. RADAR ALTITUDE 
a .  A l t i t ude  1% 
b. Ind i ca to r  Readout 
9. EhVIRO>@lENTAL EFFECTS 
a .  I n t e r f e r ence  
b. Thermal 
c.  Vibra t ion 
d. Humidity 
e.  Timing 
TABLE V-13 
13.5 Giiz SCATTERONI?~ER <lo (0) ERRORS 
1~lUI.TIl'OI.ARIZATION V'I, Vll, HV, HI1 
Docs not  add e r r o r  
wi th  r e l a t i v e  c a l i -  
Two-way gain  
Pin  diode modulator 
Varied over expected 
ambient temperature 
mnge,  -50 t o  +80 " C  
Error  removed by 
AGC loop i n  da t a  preprocessor 
Losses cancel  i n  r e l a t i v e  
c a l i b r a t i o n  
E r ro r s  r e l a t ed  t o  angle  8 ,  
and correspondingly uo(8) 
No r e l i a b l e  da t a  a r e  
present ly  ava i l ab l e  and i s  t o  be  
included when ava i l ab l e  
TOTAL 
D1S ERROR (dn) 
IJITHOUT PROCES- 
SING CORRECTIONS 
Negl ig ib le  
0.45 db 
0.20 db 
I 1.27 db r s s  
RCi ERROR (dB) 
IJITH PROCESSOR 
CORRECTIOflS 
0.73 db rss 
TABLE V-14 
1.6 GIlz SCAlTIIItO>tETER vo ( 0 )  ERRORS 
IIULTIPOLARIZATION VV, lili, RV, VI1 
I  
ERROR SOURCE Rl?NP.RKS 
- 
1. RF Generator P  Does not add e r r o r  i n  
r e l a t i v e  c a l i b r a t i o n  
2. ANTENNA 
a.  Cal ibra t ion Fore-Aft Pa t t e rn  
G$ f  (0) 
b. Antenna gain versus  a t t i t u d e  
uncer ta in ty  due t o  p i t ch  
c, Antenna I so l a t i on  
3. ABSOLUTE C.4LIRRnTION 
a. I n i t i a l  Ca l ib r a t i on  
b. Temperature E f f ec t s  
4. WAVE LENGTH 
5. h'lPLIPIER ROLL-OFF 
a. Cal ibra t ion 
b. Voltmeter Accuracy 
c. Preampl i f ier  
d. Amplifier S t a b i l i t y  
e. I n t e rpo l a t i on  of Values 
6 .  POICER LOSSES 
a. Uaveguide 
b. VStiR 
c.  Attlenuator Cal ibra t ion 
7. VELOCITY (w) 
a .  Doppler Navigator 
b. Navigational Computer 
c .  F l i gh t  Path  Var ia t ion  
d. Horizontal Veloci ty  
e. Ve r t i ca l  Velocity 
8. RADAR ALTITUDE 
a .  A l t i t ude  1% 
b. Indicator  Readout 
9. ENVIRONPEYTAL EFFECT 
a. I n t e r f e r ence  
b. Thermal 





-50 to  +8O0C 
Measurement b e t t e r  than 1% 
Error  removed by AGC loop 
i n  da t a  preprocessor 
Losses cancel  i n  r e l a t i v e  
c a l i b r a t i o n  
Erros r e l a t e d  t o  a n g l e e ,  
and correspondingly uo(9) 
No r e l i a b l e  da t a  a r e  p r e sen t ly  
ava i l ab l e  and a r e  t o  be 
included when avai lable .  
TOTAL 
TAUI,E V-15 
0.4 GHz SCATTLXOIIETER 06 (0) ERItORS 
I~WLTIPOLI~RI%I~TION V V ,  1111, HV, Vll  
ERROR SOURCE 
1. Transmitter Power Ca l ib r a t i on  
'TV' 'TII 
a. Power meter c a l i b r a t i o n  
b. Attenuation, antenna switch 
r f  f i l t e r ,  antenna VSVR 
c. Attenuation t o  absolute  




f .  Duty Cycle f a c t o r  
g. Cal ibra t ion source  s t a b i l i t y  
2. Receive Power Cal ibra t ion,  
P ~ ~ '  'RV 
a. Power meter c a l i b r a t i o n  
b. Attenuation, r f  f i l t e r ,  
antenna swi tch ,  and d i r -  
e c t i ona l  coupler  
c. ALtenuation t o  absolute  s t d :  
switch, a t t enua to r ,  d i r -  
e c t i ona l  coupler  
d. Duty cycle  f a c t o r  
3. Antenna 
a. Amplitude across  ape r tu re  
(two-way) 
b. Pa t t e rn  recordcr  recoding 
c. Antenna gain e r r o r  dependent 
i n  angular accuracy 
d. Sidelobe con t r i bu t ions  i n  
t ransverse  p lane  
4. Wavelength Cal ibra t ion,  A 
5. Amplifier s t a b i l i t y  
a. Cal ibra t ion r ece ive r  
b. blixers - Cal ib ra t i on  r ece ive r  
l i n e  
c. Regular r ece ive r  s t a b i l i t y  
(1) RF Amplifier 
(2) IF  Anp l i f i e r  
(3) Mi-xer 
6. Cal ib ra t e  and Signal  Receiver Factor  
i n  t he  F ina l  Output 
7. Power Losses, L 
a. Waveguide 
b. VSWR 
8. Velocity,  v 
a. Doppler Navigator Velocity 
Error 
b. N ~ v i g a t i o n a l  Computer Set  
Error 
c .  F l ight  path v a r i a t i o n s  
d. Ilorizont.11 Velocity e r r o r s  
e .  Ver t ica l  V c l ~ c i t y  e l r o r s  
HIS ERROR (dll) 
T.JITIIOUT PIIOCES- 
SING CORRECTIONS 
Power Amplifier Class C, 
20 IJatts peak 
0.24 
Applies t o  both  po l a r i za t i ons  
but  no t  rms a d d i t i v e  
AGC 




This i s  an e r r o r  associa ted  
with t he  computer 
*Isosses cancel  i n  r e l a t i v e  
ca l i b r a t i ons  
Doppler Navigator ANIAPN-153 
and Navigational Computer 0.007 







































































































































































































































































































































































f  = 13,325 GHz 
a. Ground speed 
b. D r i f t  a n g l e  
c. Ve loc i ty  v e c t o r  
d. Cross heading v e l o c i t y  
1 ,60 - 1.66 GHz 
C 
I 
a t  1000 f t .  
i-' 
u 
d. D.C. potenr iometer ;  e r r o r  
CO 
3. Naviga t iona l  Computer S e t ,  Modes of ope ra t i on :  
.AN/ASN-42, System Accurecies  s l a v e ,  f r e e  compass 
a. P i t c h  ang le ;  max, e r r o r  +7 minutes  
b ,  R o l l  ang le ;  max, e r r o r  7 7  minures 
c. Doppler Heading ve loc i tyM 
d,  Doppler d r i f t  
4, A l t i t u d e  Heading Reference,  Fu tu re  need 
Fu tu re  need 
6. A i r c r a f  t V i b r a t i o n s  
TABLE V-18 
g(0) EF33OK RESDLTING FROM DATA PREPROCESSOR USED WITH SCATTEROHETERS 
1. DIRECTION (SIGN) SENSE 
ERROR SOURCE 
a. Front-end a m p l i f i e r  s t a b i l i t y  
b e  Spectrum f requency  t r a n s i a t c r  
c ,  Sum and d i f f e r e n c e  o p e r a t i o n a l  a m p l i f i e r  
d, Zero b e s t  m i x e r s  
e ,  Lcw-pass f i l t e r s  
f ,  D e t e c t o r  
- g ,  i n t e g r a t o r  
REHARKS 
a. AGC l o o p  s t a b i l i t y  
b. A l c i t u d e - v e l o c i t y  r e f e r e n c e  
c *  Angle o f  i n c i d e n c e  v s ,  v e l o c i t y  
Y i I 
1 3. PULSE CODE MODULATION SYSTEM 
a ,  'P lu l t ip lexer  
3, Encoder 
c ,  A I D  c o n v e r t e r  
d. Samyling 
e ,  Timing 
f, ADAS 
4. SIGNAL EFFECTS 
E s t a b l i s h e d  by AGC c i r c u i t s  
E r r o r  n e g l i g i b l e  
F i l t e r s  f o r  t h e  i n d i v i d u a l  ro(Oi) s i g n a l s  
I 
N e g l i g i b l e  
N e g l i g i b l e  
>\Error  due  t o  d i g i t a l  round-off o f  
v e l o c i t y  from ADAS 
i 
a. S igna l - to -no i se  






i'c i I 
I 
T o t a l  RSS O,.%Q db 
TAELE V-19 
AIREORYE DISPLAY AND RECORDING 
EmOR SOURCES 
11, AITCBOPdE DISPLAY 
I. D i s p l a y  Scan Conver te r  
2 ,  Spectrum Analyzer  
3. D i s p l a y  C o n t r o l  
4. A i r c r a f t  Tape Recorder  
5. I n t e r f a c e  and Coupling 
11. AIGOFNE RECORDERS 
1. Harnonic  g e n e r a t i o n  i n  
d o p p l e r  spec t rum 
2,  Phase  a n g l e  f o r  s i g n  
s e n s e  
3. I n t e r f a c e  
a )  S i g n a l  i n p u t  t o o  low 
b )  S i g n a l  i n p u e  t o o  h i g h  
No e r r o r s  are i n d i c a t e d  a t  
t h i s  s t a g e  o f  t h e  d a t a  
p r o c e s s o r  program 
Exper imenta l  d a t a  r e q u i r e d  
Data r e q u i r e d  by measurement 
RlfS ERROR (dB) 
WITHOUT PROCES- 
SING CORRECTIONS 
None i n d i c a t e d  
o r  p r e d i c t e d  





None i n d i c c t e d  
o r  p r e d i c t e d  
N e g l i g i b l e  
N e g l i g i b l e  w i t h  
A-G C 
2, S c a t t e r o m e t e r  rss s y s t e m  e r r o r s  rang ing  from 0 , 5  t o  
1.5 db arc r e a l i s t i c  wit11 n 0.5 db e r r o r  being e x c e l l e n t ,  
3, Large  b i a s  e r r o r s  are n o t  t o o  impor tan t  f o r  r e l a t i v e  
a n a l y s i s  where a fanl i ly  o f  p l o t s  a r e  r e q u i r e d .  
4. Large  sys tem e r r o r s  o c c u r r i n g  f r e q u e n t l y  th roughout  a 
f l i g h t  missi.on can  r e n d e r  t h e  i n f o r m a t i o n  u s e l e s s ,  
( f )  Recomii~en.ded Computer Program Changes 
Because t h e  S c a t t e r o i n e t e r  Data P r e p r o c e s s o r  performs many of 
t h e  d a t a  r e d u c t i o n  t a s k s ,  t h e  e x i s t i n g  computer programs can b e  s i g n i f i c a n t l y  
s i m p l i f i e d .  
The P r e p r o c e s s o r  r e l i e v e s  t h e  computer o f  t h e  f o l l o w i n g  
t a s k s  : 
e D i g i t i z i n g  t h e  d a t a  
e F i l t e r i n g  t h e  d a t a  f o r  t h e  d e s i r e d  i n c i d e n c e  a n g l e s  
e A l l  t h e  n o r m a l i z a t i o n  f u n c t i o n s  w i t h  t h e  e x c e p t i o n  of 
a i r c r a f t  a t t i t u d e  and  t h e  L a n d / ~ e a  f i l t e r  r o l l - o f f  
c h a r a c t e r i s t i c s  
Synchron iz ing  ADAS d a t a  w i t h  t h e  s c a t t e r o m e t e r  d a t a  
( b o t h  sets of d a t a  are i n c l u d e d  i n  t h e  same b i t  s t r e a m ) .  
F i g u r e  V-20 r e p r e s e n t s  t h e  e x i s t i n g  s c a t t e r o m e t e r  d a t a  
p r o c e s s i n g  t e c h n i q u e  and F i g u r e  V-21 r e p r e s e n t s  t h e  modif ied t e c h n i q u e ,  A s  c a n  
b e  s e e n ,  a s i g n i f i c a n t  amount of computer p r o c e s s i n g  is e l i m i n a t e d  by t h e  
P r e p r o c e s s o r .  
The d a t a  from t h e  P r e p r o c e s s o r  is i n  d i g i t a l  form t h e r e f o r e  
a l l  o f  t h e  f u n c t i o n s  assoc i -a ted  w i t h  d i g i t i z i n g  inay b e  e l i m i n a t e d ,  The t a p e  
dub s t e p  h a s  been  r e t a i n e d  t o  a l l o w  permanent s t o r a g e  o f  t h e  m a s t e r  t a p e .  
I 
Plot  Sigm, 
(o)/Q *a 
SnmOLs: 
~ ~ ( 8 )  = F i l t e r j d  d & t ~  voltege B'd = Randuldth 
pX = F i l t e r ~ d  reference voltage CT = C o l l  t i t ~ e  
V = Aircraft velocit,y ~ i ~ r r ~ ,  = ILdar r e f l e c t i 7 f i t y  
H = Aircraft u l t i t . d e  
Cp = Center freoilency 
F i g u r e  V-20, Scattenon~eter Data P r o c e s s i n g  
--- 
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SYIPdLS: 
E1(0) = F i l t e r e d  d n t ~  v o l l n p  ' i*J = Bdrdvid th 
k+ : P i l t e r e d  r o f e r e : ~ c o  v o l t a g e  C r  " C e l l  t i t o  
V = A i r c r s f t  v e l o c i t y  S i g r = ~  = r h l n r  r e f l e c t i v i t y  
H = A i r c r n f t  a l t i t ~ ~ l w  
Cr = C e n t e r  freouoncy 
F i g c r e  V - 2 1 ,  Ploclif i.ed Scai l terometcr  Data P r o c e s s i n g  
SLnce t h e  hN/:hSQ--90 data i s  irlclttded i n  t h e  P r e p ~ ~ r a c e s s o r  
b i t  stream, t h e  f u ~ l c t i o n s  ai;soc:iatecl wit11 cleconmutatiiilg thcit da ta  has been 
de l e t ed ,  a l though the  sca.tterometer d a t a  t:rpi3 ~dll now need decomciucntton 
There is no longer  a  reyuirement  t o  compute t h e  PSD's s i n c e  
d a t a  v e r i f i c a t i o n  i s  accomplis l~ed in r e a l  t i i n e  during t h e  mission.  
The d i g i t a l  f i l t e r  t a p e  Is no t  r equ i r ed  s i n c e  t h e  Preprocessor  
f i l t e r s  t h e  d a t a  and t h e  func t ions  a s s o c i a t e d  wi th  f i l t e r i n g  may be e l imina ted ,  
I n  t h e  modified s c a t t e r o m e t e r  d a t a  processing program, t h e  
d i g i t a l  d a t a  t a p e  i s  f i r s t  dubbed and then  decomniutated. The remaining s t e p s  
are descr ibed  below: 
e The d a t a  v e r i f i c a t i o n  words aj:e checked t o  derermine 
r ~ ~ h e t h e r  o r  n o t  t h e  systems were ope ra t ing  c o r r e c t l y .  
This  check c o n s i s t s  of scanning t h e  s i g n a l  s a t u r a t i o n  
s i g n a l  c a l i b r a t i o n  s i g n a l  - n o i s e  f l o o r  r a t i o ,  PCM 
C a l i b r a t i o n  s i g n a l ,  and wi th  t h e  Ilse of a i r c r a f t  v e l o c i t y  
informat ion ,  checking the  ope ra t ion  of tile Angle Frequency 
Generators .  
e Since  d a t a  v e r i f i c a t i o n  i s  accomplished i n  r e a l  t ime during 
t h e  mission,  t h e  r e s u l t s  h e r e  should correspond t o  t h e  
f l i g h t  l og .  
s Pre l iminary  Sigma-zero ve r sus  incident  ang le  and sigma- 
zero  ve r sus  d i s t a n c e  p l o t s  a r e  made. These p l o t s  w i l l  b e  
adequate  f o r  p re l - in~ ina ry  d a t a  a n a l y s i s  
%I, For f u r t h e r  ref-ine~nent of t h e  d a t a ,  f o r  example, 
c o r r e c t i n g  f o r  a i r c r a f t  a t t i t u d e  changes, t h e  followi-ng 
sceps  are taken ,  
- P l o t  and t a b u l a t e  t h e  Guidance and Navigat ion 
Data 
- DeveSop a tirne t a b l e  t o  permit t h e  d a t a  t o  b e  
r e l a t e d  t o  t h e  a e r i a l  photographs, 
- 1nser:t an tenna  p a t  t e rn  c o r r e c t i o n s ,  
-- Compute sigma-zero,  Incuded here i s  t h e  C o r r e c t i o n  
f o r  t h e  Lnnd/Sea f i l t e r s ,  and c o r r e c t i o n  f o r  changes  
i n  a i r c r a f t  a t t i t u d e ,  
- Average t h e  d a t a  f o r  the d e s i r e d  time, 
- T a b u l a t e  and p l o t  sigma-zero v e r s u s  i n c i d e n t  a n g l e  and 
d i s t a n c e .  
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f1I-'PEMI>IS A 
TrIl31,E 01: SEbIBOLS AND D E F l N l  TIONS 
Narrow 3 db Reamt.~idth of a n t e n n a  
Bancliridth, HZ 
D i s t a n c e  measured a long  d i r e c t i o n  of f l i g h t ,  f t .  
The d i f f e r e n c e  between t h e  t r a n s m i t t e d  f requency ,  £0' and t h e  r e t u r n  
d o p p l e r  - s h i f t e d  f r e q u e ~ l c y ,  f o ,  i . e . ,  f  = f D  - £0 i n  H z .  cl 
The Doppler  bandwidth,  H z .  
The i n t e r m e d i a t e  f requency  a b o u t  which t h e  spectrum i s  u n f o l d e d ,  H z .  
The t r a n s m i t t e d  f requency ,  Hz. 
The f requency  of t h e  c a l i b r a t i o n  s i g n a l ,  I l z  . 
The sampling f requency  , H z .  
Antenna g a i n  a s  a  f u n c t i o n  of 8 and 4 ,  
A l t i t u d e  above t h e  t e r r a i n ,  f t .  
Received power, Watts. 
Transmi t t ed  power, Watts. 
D i s t a n c e  from t h e  an tenna  t o  t h e  t a r g e t  a long  t h e  beam, f t .  
Povrer d e n s i t y ,  Wat ts/Hz . 
Time, seconds .  
V e l o c i t y  i n  t h e  d i r e c t i o n  of t h e  a n t e n n a  beam, f p s ,  
D r i f t  v e l o c i t y ,  measured i n  a p l a n e  p a r a l l e l  t o  t h e  e a r t h ' s  s u r f a c e ,  
p o s i t i v e  v e l o c i t i e s  t o  s t a r b o a r d ,  f p s .  
v~ Forward v e l o c i t y ,  measured i n  a p l a n e  p a r a l l e l  t o  t h e  e a r t h ' s  s u r f a c e ,  
p o s i t i v e  v e l o c i t i e s  i n  t h e  d i r e c t i o n  of t h e  nose  of t h e  v e h i c l e ,  f p s .  
v~ Ground v e l o c i t y ,  f p s .  
vz  
V e r t i c a l .  v e l o c i t y ,  measured i n  a p l a n e  normal t o  t h e  e a r t h ' s  s u r f a c e ,  
p o s i t i v e  d i r e c t i o n  is  down, f p s .  
I4 D i s t a n c e  measured t r a n s v e r s e  t o  t h e  d i r e c t i o n  of f l i g h t ,  f  t . 
Y P i t c h  a n g l e  of a i r c r a f t  when h = 0 .  
Y A I n c i d e n t  a n g l e  t o  ground c e l l  i n  p l a n e  of a n t e n n a .  
Y '  B o r e s i g h t  a n g l e  a l o n g  a n t e n n a ,  
0 * Angle of i n c i d e n t  of impingeing energy t o  normal a t  p o i n t  of i n t e r e s t  
on t h e  e a r t h .  
X W a v e l e n g ~ h ,  f t  . 
h Rol.1 of aircraft measured w i t h  respect to plane of aircraft, 
A Roll of a plane necessary to put a norn1'21 Lhrough a point on the 
ground. 
E; Pitch of aircraft , 
E; Pitch of a plane necessary to put a normal through a point on the 
ground. 
CT Backscatter cross section 
0 
T Tirne constant, Sec . 
Y Roll angle tihen 5 = 0 ,  
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VORU ASS IGSIfENT 
Word - 4  
t o  
Word - 27 1 
Word - 52 
t o  
Word - 104 
1 
Word - 105 
Word - 106 
t o  
Word - 123 
Word - 124 
Word - 125 
Word - 126 & 127 
Word - 128 & 129 
Word - 130 t o  135  
Word - 136 t o  1 4 1  
Word - 148 t o  1 5 1  
Word - 152 t o  154 
Frame Sync 
(a )  Mon-time s h a r e  - 1 2  l i n e s  
1 3 . 3  GHz 
(b) Time s h a r e  - 24 l i n e s  
24 l i n e s  
1 . 6  GHz 
400 MHz 52 l i n e s  
PCPi C a l i b r a t i o n  S i g n a l  - 1 l i n e  (6.820 VDC) 1010 - Code 
S p a r e s  
S c a t t e r o m e t e r s  S t a t u s  
S u b c a r r i e r  Encoder 
A i r c r a f t  V e l o c i t y  
A i r c r a f t  A l t i t u d e  
A i r c r a f t  A t t i t u d e  
Date 
Miss ion  Data 
IRTG Time 
Encoded Frequency A ,  B ,  and C 
Word - 155  
1. SCATT . STATUS 
C o ~ l t r o l  b i t  
13.3 GHz 
13.3 GBz Time Share 
13.3 GHz Data V e r i f i c a t i o n  
13.3 GHz 1,and o r  Sea 
1 .6  GHz 
1 . 6  GHz Data V e r i f i c a t i o n  
1 . 6  GHz Land o r  Sea 
400 PMz 
400 PErIz Data V e r i f i c a t i o n  
Spare 
Spare 
Control  B i t  
1. Control  B i t  
2. Spare 
3. 
4 .  
5 .  Spare 
6. 
I l o f 3  
7 .  1 1 o i 6  
8. 
9 .  Spare 
10.  
11. l o f 6  
1 2 .  
13 .  Control  B i t  
111. AIRCIUFT VELOCITY (Excess Three BCD C o d 2  
1. Control  B i t  1. Control  B i t  
2 ,  Spare 
3 .  
4 .  I Uni ts  5 .  6.  
7 .  P a r i t y  
8 .  
9 .  Ten ' s 
10 .  
11. 
12 .  P a r i t y  
13.  Control  B i t  
Spare 
I 
P a r i t y  
I 
1 2 .  P a r i t y  
1 3 ,  Control  B i t  
Hund ' s 
(a)  A i r  
Code 
1 .  
IV . --..- AIRCRt\i."r TiT,TIrCliI)E - (Ilxcess Three-GCD --.---- Code) 
I ,  C o n t r o l  B i t  
2 .  Spare  
3 .  
f, . 1 Ten 's 5.  6 .  
7 .  P a r i t y  
0 .  
9.  I EIund ' s 10 .  1-1 . 
12 .  P a r i t y  
13 .  C o n t r o l  B i t  
V. AIRCRAFT ATTITUDE 
(a) P i t c h  
1. C o n t r o l  B i t  
2 ,  Spare  
3 .  
4 .  I S i g n  5. 6.  
7 .  P a r i t y  
8 .  
9 .  I T e n t h ' s  1 0 .  11. 
1 2 .  P a r i t y  
1 3 .  C o n t r o l  B i t  
(b) R o l l  
1. C o n t r o l  B i t  
2 .  Spare  
3 .  
4 .  S ign  5 ,  
6 ,  
7 .  P a r i t y  
8. 
9 .  T e n t h ' s  1 0 .  
11. 
1 2 .  P a r i t y  
1 3 .  C o n t r o l  B i t  
C o n t r o l  B i t  
S p a r e  
I Thou ' s 
P a r i t y  
P a r i t y  
C o n t r o l  B i t  
1. C o n t r o l  B i t  
2 .  Spare  
3 .  
4 I U n i t s  5. 6 .  
7 .  P a r i t y  
8 .  
9 .  1   en ' s 1 0 .  11. 
1 2 .  P a r i t y  
1 3 .  C o n t r o l  B i t  
1. C o n t r o l  B i t  
2 .  Spare  
3 .  1 
7 .  . P a r i t y  
8 .  
9 .  
1 0 .  
11. 
1 2 .  P a r i t y  
1 3 .  C o n t r o l  B i t  
i U n i t s  
I T e n ' s  
i \IRCRAFT I ~ L T I T U D E  (Continued) 
-- 
( c )  D r i f t  
1, C o ~ i t r o l  
2 .  S p a r e  
3.  
4 .  I Sign 5. 6 .  




12.  P a r i t y  
13 .  Control  B i t  
V I  DATE 
1. Control  B i t  
2. Spare 
3. 
4 .  I Uni ts  5. 6 .  
7 .  P a r i t y  
8. 1 
I Ten's  
11. 
12.  P a r i t y  
I 
13. Control  B i t  
( c )  Year 
1. Control  B i t  
2 .  Spare 
3. 1 
I Uni ts  
7 .  P a r i t y  
8. 
9 .  
10. I Ten ' s 11. 
I .  Control  
2 .  Spare 
3 .  
4 .  
5. 
6 .  
7 .  P a r i t y  
8 .  
9 .  
10 .  
11. 
12.  
13.  Control  B i t  
(b)  Month 
1. Control  B i t  
2.  Spare 
3 .  
4.  
5 ,  
6 .  
7 .  P a r i t y  
8 .  
9 .  
10 .  
11. 
12.  P a r i t y  
13.  Control  B i t  
I Uni ts  
I Tenths 
I Uni ts  
I Ten ' s 
12.  P a r i t y  
13. Control B i t  
V X I ,  FI T s s LON DATA 
------ 
C o n t r o l  1 3 i t  
Spare  
1. C o n t r o l  B i t  
2 .  Spare  
3 .  I I Hund ' s 4 .  ' U n i t s  5.  6 .  
7 .  P a r i t y  P a r i t y  
I T e n ' s  
1 2 .  P a r i t y  1 
1 3 .  c o n t r b l  sit t 
_/-- 
__-- 
S i t e  _c-_ B* - */-- 
_-c4 
1. C o n t r o l  B i t  
S p a r e  
I U n i t s  
'11. 
1 2 .  P a r i t y  
I 
1.3. C o n t r o l  B i t  
P a r i t y  
C o n t r o l  B i t  
C .  F l i g h t  D, L i n e  
-
1. C o n t r o l  B i t  
2 .  S p a r e  
C o n t r o l  B i t  
Spare  
1 U n i t s  
7 .  P a r i t y  P a r i t y  
P a r i t y  
C o n t r o l  B i t  
1 2 .  P a r i t y  
1.3. C o n t r o l  B i t  
F i r s t  t h e  e q u a t i o n  f o r  sigma z e r o  w i l l  b e  d e r i v e d  f o r  t h e  c a s e  where r o l l ,  
d r i f t  and v e r t i c a l  v a l o c i t y  a r e  z e r o ,  t h e n  t h e  g e n e r a l  c a s e  when t h e s e  pa ramete rs  
are non-zero w i l l  be c o n s i d e r e d .  
Cons ider  F i g u r e  1, 5 i s  t h e  p i t c h  oE t h e  a i r c r a f t ,  8*  is  t h e  i n c i d e n t  a n g l e ,  
and  y '  i s  t h e  a n g l e  f o r  t h e  a n t e n n a  c o o r d i n a t e s ,  A s  w i l l  b e  sho+n.nl, t h e  
i n c i d e n t  a n g l e  i s  determined by t h e  f i l t e r  f requency  and i s  independen t  of p i t c h .  
The b a s i c  r a d a r  e q u a t i o n  i s  
Equ. 4.6 pg.  
(Bar ton) 
where  0 = 0 A (A - p r o j e c t e d  a r e a  of a n t e n n a  beam upon ground) .  S u b s t i t u t i n g  
0 
f o r  o ,  d i f f e r e n t i a t i n g  w i t h  r e s p e c t  t o  A  and al-lowing t h e  an tenna  g a i n  t o  b e  a 
f u n c t i o n  of a n g l e  yi .e lds  
The n e x t  s t e p  i s  t o  e v a l u a t e  AA and R.  From geometry,  t h e  a l t i t u d e ,  h ,  e q u a l s  
R c o s  B * ,  and a f t e r  a l g e b r a i c  manipu la t i -on ,  
To c a l c u l a t e  t h e  a r e a ,  Ah, we must f i r s t  c a l c u l a t e  R .  R i s  a n  i n c r e ~ u e n t a l  arc 
of a  c i r c l e  o f  r a d i u s  R ;  therefore R = Rae*. 
T h i s  v a l u e  of R must be  p r o j e c t e d  on t h e  ground t o  g e t  t h e  l e n g t h  of t h e  ground 




The w i d t h  of t h e  c e l l  i s  RAA* and t h e r e f o r e  AA - 9,'RAAA = . 
cos 0;'c 
S u b s t i t u t i n g  11 and A ink0  t h e  Radar e q u a t i o n  y i e l d s  
2 2 PTGT(yl,  A') Gr(yf  , A')ooX R A B * A A *  
( 5 )  r - - -  --- 2 2  3 2 R h c o s  0* ( 4 ~ )  / c o s  8* 
which r e d u c e s  t o  
P  G ( y ' ,  A') GR(yf , A 1 ) a  A B * A A A  cos0* 
( 6 )  T T  O-_____ ' APr = 
h2 (4n)3 
The above e q u a t i o n  g i v e s  t h e  r e t u r n  power from t h e  ground c e l l  r e p r e s e n t i n g  t h e  
e n t i r e  a n t e n n a  p a t t e r n .  S e p a r a t i o n  of i n d i v i d u a l  ground c e l l  e l ements  f rom t h e  
t o t a l  " f o o t p r i n t "  must now b e  c o n s i d e r e d .  
S e p a r a t i o n  i s  accomplished by t h e  u s e  of t h e  Doppler e f f e c t .  The e q u a t i o n  des-  
c r i b i n g  t h e  Doppler  e f f e c t  f o r  t h i s  sys tem is 
( 7 )  . f d  = 2Vd/X, 
V is t h e  v e l o c i t y  between t h e  a i r p l a n e  and t h e  ground c e l l .  Prom t h e  diagram,  d 
( 8 )  Vd = V F s ine* ,  
(9)  and f d  = 2V s i n  O*/X. F 
T h i s  e q u a t i o n  t e l l s  a t  which f requency  a f i l t e r  must be  p laced  t o  l o o k  a t  a 
g i v e n  i n c i d e n t  a n g l e .  N o t i c e  t h a t  as t h e  a i r p l a n e  p i t c h e s ,  0* does  n o t  change 
f o r  a g i v e n  ground c e l l  and t h e r e f o r e  p i t c h  d o e s  n o t  a f f e c t  t h e  d o p p l e r  f requency  
f o r  c h a t  ground c e l l .  The p i t c h  does  change t h e  p a r t  of t h e  a n t e n n a  p a t t e r n  
which r e c e i v e s  t h e  energy from t h e  ground c e l l .  
By d i f f e r e n t i a t i n g  e q u a t i o n  9 ,  
(10) a = 2  VF cos0*Ae*/A 
and by d i v i c l i ~ l g  Equa t ion  6 by Equa t ion  1 0 ,  an e q u a t i o n  f o r  power d e n s i t y  i s  
FTGT(yl, A') G ,  ( y ' ,  A1)oo * *dA A O *  cos  8* APr = 
- --- 
A £ ~  h 2  (4n13 2 vF c o s  e * n e  * / A  
which r e d u c e s  t o  
3 
APr = TTGT(y1, A ' )  G, ( y ' ,  A1)aoh AA* (11) 3 2 (4n) VF h 2 
Equa t ions  9 and 11 a r e  t h e  s i - g n i f i c a n t  e q u a t i o n s  h e r e .  Equat ion 9 i n d i c a t e s  
where  t o  s e t  t h e  f i l t e r  and Equa t ion  I1 g i v e s  t h e  amount of power p e r  H e r t z  
(power d e n s i t y )  t h a t  w i l l  be  r e c e i v e d  from t h e  ground c e l l  a t  t h e  i n c i d e n t  
a n g l e  chosen by t h e  f i l t e r  set  p e r  Equati-on 9.  
The power a t  t h e  r e c e i v i n g  a n t e n n a  p o r t  must b e  p rocessed  by t h e  microwave 
r e c e i v e r .  Before  t h i s  i s  d i s c u s s e d ,  a n  e q u a t i o n  f o r  t h e  r e t u r n  power w i t h  a l l  
t h e  a i r c r a f t  a t t i t u d e  p a r a m e t e r s  i n c l u d e d  w i l l  be  developed.  
Beginning w i t h  Equa t ion  2 ,  a g a i n ,  
From F i g u r e  2 ,  f i r s t  c a l c u l a t e  AA as f o l l o w s  : 
n = RAY* 
m = IiL\IAf< 
and p r o j e c t i n g  n and m t o  t h e  s u r f a c e  of t h e  e a r t h  y i e l d s ,  
n '  = EAy/cos ya 
m '  = mA*/cos A f i  
and AA = nx'n' o r ,  

Second, r a n g e ,  K, i s  c a l c u l a t e d  a s  fol . lows; 
N = h/cosS* 
from which,  
(13)  R = N / C Q S A + ~  = h/cos5* cosA*. 
S u b s t i t u t i n g  e q u a t i o n s  1 2  and 1 3  i n t o  e q u a t i o n  2  y i e l d s ,  
which r e d u c e s  t o  
I f  A* = O , Y *  = C9: t h e n  Equa t ion  1 5  becomes i d e n t i c a l  t o  Equa t ion  6 .  
To c a l c u l a t e  t h e  d o p p l e r  v e l o c i t y ,  t h e  components due  t o  each of t h e  t h r e e  
v e l o c i t i e s  w i l l  b e  c o n s i d e r e d  s e p a r a t e l y  and t h e n  added. The f i r s t  v e l o c i t y  
t o  be  c o n s i d e r e d  w i l l  b e  t h e  forward v e l o c i t y ,  . v~ 
Using s i m i l a r  l o g i c  t o  t h a t  used f o r  t h e  s i m p l e  c a s e ,  t h e  e f f e c t  of forward 
v e l o c i t y  is 
The e f f e c t  of t h e  d r i f t  v e l o c i t y  on V i s  d  
T h i s  can  b e  s e e n  Ly i n t e r c h a n g i n g  Vp and V and t h e  a n g l e s  and n o t i c i n g  t h a t  1 
y* becomes A*.  S i n  I s  n o t  the most use fu l .  form of t h e  equcit ion,  Using t h e  
i d e n t i L y  s i n  A* = c o s  y?? s in l l / cos  y ,  Equa t ion  17 i s  transfornied t o  
which is  i n  a more u s e f u l  form. 
To c a l c u l a t e  t h e  e f f e c t  of t h e  v e r t i c a l  v e l o c i t y ,  n o t i c e  t h a t  t h e  compliment of 
O* i s  i n  t h e  same p o s i t i o n  a s  yk and A* were  f o r  V and V r e s p e c t i v e l y ,  t h e r e -  F D 
f o r e  Vd3 = V cosO*. Using a n  l d e n t i t y  f o r  c o s  0*, Vd3 is  p u t  i n  t h e  form z 
The t o t a l  d o p p l e r  v e l o c i t y  i s  t h e  sum of t h e  t h r e e  forrits, Vdl, Vd2 and V d3 ' 
B e f o r e  w r i t i n g  t h e  sum, 
'a3 shou ld  be  s i m p l i f i e d  . 
2 2 The q u a n t i t y  1-cos Asin  c ,  e q u a l s  .970 f o r  A = 0  and 5 = 1 0  . I f  t h i s  e q u a t i o n  
i s  assunled t o  b e  "one", t h e n  t h e  r e s u l t i n g  e r r o r  is 3 % .  Then t h e  s q u a r e  r o o t  
is  talcen t h e  e r r o r  i s  .08 d b ,  which may b e  c o n s i d e r e d  s m a l l ,  Because o f  t h i s  
s m a l l  e r . ro r ,  t h e  t e r m  w i l l  b e  assumed t o  b e  u n i t y ,  
The t o t a l  d o p p l e r  v e l o c i t y  c a n  now b e  w r i t t e n  as 
The d o p p l e r  f requency ,  t h e n ,  is  
The n e x t  s t e p  is  t o  d i f f e r e n t i a t e  Equa t ion  2 1  and d i v i d e  i t  i n t o  Equa t ion  15. 
D i f f e r e n t i - a t i n g  21 w i t h  r e s p e c t  to y* y i e l d s  
(32 )  *fd = 2 (TJ cos y;t + V s i n  y* sinA- V, s i n  y* cosi\) . - - 
X F D L Ay $i 
A f t e r  d i v i s i o n  the r e s u l t i n g  e q u a t i o n  i s ,  





-- - -- 
A£ d  3 .? 2(4a)  h  cosy* (VFcos y* f V s iny*sinA -V s i n y *  c o s A ) ~ y "  D z 
which may b e  reduced t o  
( 2 4 )  3  2  p  G ( ' , A ' )  ~ , ( ~ ~ , A ' ) o ~ h  c o s  <* cosA*AA* r T 2 
- - 
Afd 2 (hK) 3 2  h  cos 2  y~ (vF c vD tany* sin11 -V tanykcosA) . z 
With t h e  e x c e p t i o n  of t h e  approx imat ion  mentioned above,  Equa t ion  24 i s  c o r r e c t  
f o r  any maneuver t h e  a i r c r a f t  rnay make. 
Tile v a r i o u s  terms o f  Equa t ion  24 s h o u l d  now b e  c o n s i d e r e d .  I f  VD is  10% of 
V ( a  d r i f t  a n g l e  of 6') and t h e  r o l l  i s  5 O  (maximum v a l u e ) ,  t h e  e r r o r  by F 
i g n o r i n g  V i s  .05  db. For t h i s  r e a s o n  V c a n  be  dropped from t h e  e q u a t i o n .  D D 
Cos A may b e  assumed t o  b e  v e r y  n e a r l y  u n i t y ,  which i n t r o d u c e s  a 0.02 db e r r o r  
i f  A exceeds  5' ( t h e  maximum expec ted  r o l l ) .  A f t e r  t h e s e  m o d i f i c a t i o n s ,  Equa- 
t i o n  24 may be  r e w r i t t e n  a s :  
(25) 3  2 APr = P T G T ( y r , ~ ' )  GR ( y ' , A ' ) ~ ~ h  c o s  S*AA* 
- - --, * 
Afd  3 2  2 2(4n) h  c o s  y>'i(V - V tany*) F Z 
By assuming <* = y*, a n  e r r o r  of less t h a n  .13 db i s  added i f  A* r emains  less 
t h a n  5'. T h e r e f o r e ,  t h i s  a ssumpt ion  w i l l  a l s o  6e made. The e f f e c t  of VZ c a n  
be  more s e v e r e  because  t h e  t a n g e n t  of y* w i l l  be  u n i t y  when y* e q u a l s  45'. Using 
45O a s  t h e  r e f e r e n c e ,  f o r  a  1 db e r r o r ,  VZ = . 2 6  V which i s  a g l i d e  s l o p e  of F ' 
14.5 ' .  Because of t h e  s m a l l  s i z e  of t h i s  e r r o r  and t h e  f a c t  t h a t  V Z  i n f o r m a t i o n  
i s  u n a v a i l a b l e ,  V w i l l  b e  assumed z e r o ,  which r e d u c e s  t h e  e q u a t i o n  t o  t h a t  of z 
Equa t ion  11. S i n c e  t h e  d r i f t  a n g l e  is s m a l l ,  V w i l l .  be  assumed t o  be  V and F g  
t h e  e q u a t i o n  t h a t  w i l l  be  used f o r  t h e  remainder  of t h e  work w i l l  be  (Akk = 13) 
The e q u a t i o n  f o r  t h e  power d e n s i t y  e n t e r i n g  t h e  antenna has  been developed above 
and i s  
B e f o r e  d i s c u s s i n g  what happens t o  t h e  r e c e i v e d  power, a  d e s c r i p t i o n  of t h e  s c a t t e r -  
ometer  b l o c k  diagram w i l l  b e  made. For  t h e  Teledyne Ryan s c a t t e r o m e t e r s  t h e  
power from t h e  a n t e n n a  e n t e r s  a Hybr id .  The Hybrid d i v i d e s  t h e  power by two. 
The power f o r  each o u t p u t  is t h e n  one-half  t h e  r e c e i v e d  power and t h e  phase  
s h i f t  between t h e  two o u t p u t s  i s  90'. To each of t h e  o u t p u t s  i s  added some 
power from t h e  t r a n s m i t t e r  t h r o u g h  t h e  l o c a l  o s c i l l a t o r .  With t h i s  a d d i t i o n ,  
t h e  phase  s h i f t  between t h e  two o u t p u t s  i s  set and no th ing  downstream from t h i s  
p o i n t  h a s  any e f f e c t  on t h e  r e l a t i v e  phase  s h i f t .  One channe l  p a s s e s  th rough  
t h e  a m p l i t u d e  modulator  which modul.at ives b o t h  t h e  l o c a l  o s c i l l a t o r  power and 
t h e  r e c e i v e d  power. S i n c e  t h e  r e c e i v e d  power is a t  l e a s t  60 db below t h e  l o c a l  
o s c i l l a t o r  power, t h e  modula t ion  of t h e  r e c e i v e d  power i s  a t  l e a s t  60 db 
below t h e  modulated l o c a l  o s c i l l a t o r ;  t h e r e f o r e  t h e  modulated r e c e i v e d  power 
may b e  i g n o r e d .  The r e c e i v e d  power and t h e  l o c a l  o s c i l l a t o r  s i g n a l  and t h e n  
mixed i n  t h e  mixer  d i o d e s .  S i n c e  t h e s e  sys tems  a r e  ze ro  I F  (homodyne) sys tems  
and  t h e  phase  o f  t h e  r e c e i v e d  s i g n a l  i s  random, h a l f  t h e  r e c e i v e d  power w i l l  
n o t  be  d e t e c t a b l e  i n  each m i x e r ,  however, o p p o s i t e  h a l v e s  w i l l  b e  d e t e c t e d  i n  
e a c h  mixer  s o  t h a t  a f t e r  t h e  two o u t p u t s  have been combined i n  t h e  d i r e c t i o n  
s e n s o r ,  t h e  e n t i r e  r e c e i v e d  s i g n a l  i s  a v a i l a b l e .  A f t e r  n i x i n g  t h e  o u t p u t  w i l l  
b e  a m p l i f i e d  and appear  a t  t h e  o u t p u t  of t h e  s c a t t e r o m e t e r .  
To c a l c u l a t e  how t h e  power p a s s e s  th rough  t h e  r e c e i v e r ,  &Pr/dfd w i l l  b e  
r e f e r r e d  t o  a s  t h e  i n p u t  power d e n s i t y  and S w i l l  be  t h e  power d e n s i t y  a t  t h e  
p o i n t  i n  t h e  c i r c u i t  be ing  d i s c u s s e d .  T h e r e f o r e ,  a t  each o u t p u t  of t h e  h y b r i d  
X = ( ~ p ~ / ~ \ f ) / Z .  A f t e r  t h e  a d d i t i o n  o f  tlie l o c a l  o s c i l l a t o r  s i g n a l ,  X = pr/2Af 
-l-GPlo&(fc), where S(f ) i s  a n  impulse  f u n c t i o n .  A£ t e r  modulat ion X = P 1 2 6  
c  r f 
+ 5 0  
6( f  ) + PR(6(Ec + f R )  + 6 ( f c  - f R ) .  T h i s  spectrum i s  shown i n  F i g u r e  3 .  
C 
Figu re  3 
One-half t h e  s i g n a l  power w i l l  be  d e t e c t e d  due t o  one-half t h e  s i g n a l  power 
having t h e  wrong phase wh i l e  a l l  of t he  c a l i b r a t i o n  s i g n a l  i s  of t h e  c o r r e c t  
phase ,  
A f t e r  mixing, X = bpr/4Afd + PR6(f ) .  A m u l t i p l i c a t i v e  cons t an t  a c t u a l l y  R 
m u l t i p l i e s  bo th  t h e s e  terms b u t  a f f e c t s  bo th  of t h e  terms equa l ly  and w i l l ,  can- 
c e l  when t h e i r  r a t i o  i s  taken  i n  t h e  preprocessor .  The output  f o r  t h e  chabnel 
w i thou t  t h e  modulator i s  AP /4Af u s ing  s i m i l a r  l o g i c  t o  t h a t  used f o r  t h e  
r d '  
o t h e r  channel  . 
The ou tpu t  power s p e c t r a l  d e n s i t y  of t h e  Teledyne Ryan sca t t e rome te r s  i s  
( 2 8 )  ou tpu t  = G~ ( Y , A ' ) ~ ~ A ' B  
- - - 
d n (4,) 3112v 
g 
f o r  one channel  and t h e  same term p l u s  t h e  c a l i b r a t i o n  s i g n a l  i n  t h e  o t h e r  
channel .  
The t ~ ~ i o  o u t p u t s  a r e  now d i r c c t i o l ~  sensed  i n  t h e  p r t F r o c e s s o r  .iari~ich coinbines 
them i n  a manner srtch Lhat r e p l i c a  of t h e  r e c e i v ~ d  s i g r i a l  p l u s  c t i l i b r a i i o ~ x  s i g -  
n a l  i s  o b l a i n e d .  When t h e  c a l i b r a t i o i l  s i g n a l  p a s s e s  through i-he ba lanced  mfxer 
of t h e  d i r e c t i o n  s e n s o r ,  i l ' s  v o l t a g e  i s  d i v i d e d  by two ( o r  its power by l o u r ) .  
When t h e  s i g n a l  p a s s e s  through t h e  ba lanced  m i s e r s ,  i t  i s  t r e a t e d  s i m i l a r l y .  
When t h e  o u t p u t s  01 t h e  balanced m i s e r s  are added ,  t h e  c a l i b r a t i o n  s i g n a l  h a s  
n o t h i n g  t o  add t o  s i n c e  i t  i s  i n  one c h a n n e l  o n l y .  The scatt leroll leter  s i g n a l s  
a t  t h e  o u t p u t s  of t h e  balanced m i x e r s  a r e  added such  t h a t  one-half t h e  compon- 
e n t s  c a n c e l  and t h e  o t h e r  h a l f  add t o  t w i c e  t h e  v o l t a g e  o r  f o u r  t i m e s  t h e  power. 
S i n c e  o n l y  one-half  s i g n a l  c o n t r i b u t e s  t o  t h i s  power, t h e  s i g n a l  power i s  t w i c e  
what i t  was a t  t h e  o u t p u t s  of t h e  ba lanced  m i x e r s .  
The r e l a t i v e  l e v e l  of t h e  c a l i b r a t i o n  s i g n a l  compared t o  t h e  b a c k s c a t t e r e d  s i g -  
n a l  i s  now as i t  w a s  p r i o r  t o  mixing i n  t h e  s c a t t e r o m e t e r .  The power s p e c t r a l  
d e n s i t y  a t  t h e  o u t p u t  o f  t h e  d i r e c t i o n  s e n s o r  i s  
and  t h e  c a l i b r a t i o n  s i g n a l  l e v e l  i s  pR/2.  
For  t h e  Teledyne Ryan s c a t t e r o m e t e r s  sigma-zero can now be  c a l c u l a t e d  a s  
which r e d u c e s  t o  
Where Peal = P  /I< (K i s  a  c o n s t a n t ) .  T 
To c a l c u l a t e  t h e  e q u a t i o n  f o r  t h e  400 3Mz s c a t t e r o m e t e r ,  t h e  same s t e p s  a r e  
r e q u i r e d ,  e x c e p t  t h a t  s i n c e  i t  i s  n o t  a  homodyne system,  t h e  c a l i b r a t i o n  s i g n a l  
does n o t  have tile f a c t o r  oE two i n  i t  t h a t  t h e  'TRA sys tems d o ,  t h e r e f o r e  
i s  t h e  equat ion  f o r  t he  400 ?Hz sca t t e rome te r .  The K/i"ierm i s  taken  from t h e  
equat ion  ' ' P ~ / P ~  = K B / h "  on page 0-2 of t h e  400 Pniz maintenance manual. 
